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R^-fi-t;!^— tffc»riSS*±. zht-Ciz^^ti 
ttRipia. AaiiiB:fe¥$-f!lffl't«c tt^ «Sj<oai 
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Tie (a) ifih (dyM*)m^tiim. 

( a ) m^W: 1 5 >'ifia?[|*»^,'5:$ ^ >' 

(b) S^#-f-: lK^<0T5/iaUi](C^V^Tlt) 

( c ) imm : 2fciB«<0<g«»««03^ H««** 
tfDNA. 

^*3B1{C^<?)DNA. 

[ii!^«3 ] nmii^m < a) i»^> ( d > J: O 

m&misissi'tm, 

{fitm5i n^ikt$ifi (a) 3&»4 (d) x*) 



(T. Arioli et al. Molecular analysis of cellulose 
biofsynthesis in Arabidopsis. Science (1998) 279:7 

17-720) . t*»t, mm^mi^mii&m^t ix 
#i i?*!. 4siiia^i£fc:K ixamnmmm^i 

t^t(>ilX\•^^ (#^^ : Y. Kairagoe and D. P. D 
eloer. Pathway and genes involved incellulose bio 
synthesis; Genetic engineering 19 Plenum Press, Ne 
w York, 1997 ;K. Nishitani. Construction and 'R^str 
ucturing of the cellulose-xyloglucan franework in 
the apdplast as aediated by the xyloglucan-related 
protein fanily-A hypotheticalschemel J. Plant Re 
s. 111:159-166. 1998) . 

[00 0 4 1.-*. ffllSS^i^lKf SeS t LTti; -b 
ii^mi:M^i>m (Ehdo /5-I.4 glucanase) kL 

X. ztitxtz/^f'TVT ' im-m- mmi^ 

^^ixX\i-»h (Beguin. P. Anna. Rev. Microbiol. 44. 

. 219-248. 1990) . 7 i /msmffmimimip^m 

i^htlhZtim^ilX\'>h. ■^tin.coo-h^ msw: 

/l'^— fef(iE7r5y~{CS1-S (Beguin. P:Annu. Re 
V. Micrdiioi:, 44. 219-248. 1990) . J<i'TV7m<m 

^yimixb'). msmtm^-nM&^n^o^y^ 
^k'(c#(r\ msM(mmmsit:m^vx\^i 

i:V^i>^^T^^i> (D. J. (bsgrwe,. Hi*^d^ 

s- extend? Plant Physiol. 102, 1-6. 1993) , ^(Otl 

, .'^P'/it^!^0,i^^6^;& iil Jshapii;' IM. -ji^;' 
■:;lV-:iG.:> i^li^.ia^^ i^i- .. 

837-842^1997. M. L. Tucker. R. Sexton.E. del Ca 

^j:iiffmd!fi^tx\^t,fHiii. m^^mm- 

S. Hcng;. Gl:B. Fincberand G. A; NacUdilan.. Bio 
Iv Chen. 252.- 1402-1407. 1977; T. HayashiiYv^y .W 
ong and G. A. MaclacMan. Plant Physiol. 75. .605-6 
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10, 1984) . lri}'L^i^(>. efi-fe/l^o-X^^^J!|-r& 



[ 00 071 i:i^t*l6BB#ii>tt. -(fc^S^g^ffllEM 

3is|s*19f7#«**> W^llHlSB tBHi/O-f ^ 

^^1998^*:^^) .^<05Q^S(iacMl (altered ce 
il tall 1) i:?feftltfeitv CK'^Sl^^Sat^r). 

{ooo.ai : 



. 100091 . 



( c ): mmwtmwtSiih^ 

tfONA.- ■ 

^^/p^ye-cfcs; (i)fciea<oattv (3) 

( 1 > izmi { a) i>>f> (d) J:9l^$iv*PNA* 

(4) ags*?^^®^^^^^*^^;!^?^^®-^* 
C3) t£ietfe«>^>, (5) (ly tsfef^s : 

[0012] 




3-1 

[00131 :i>^mnish^3immii^<^t:^^^x 

tf, TAcwij ^'>'y'C^'©<;jr5y^E?H (S5II#f^ = . 
i.y i^yc , li. t <««J&<OT$,/fe*^^, ift^ 
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oner Site-directed Nutageneds Kitj rExSite PC 
R-Based Site-directed Mutagenesis Kit J (Clontech 

tUi rQuantua; leap Nested Deletira. Kit j. (Cloniech 

0 , S ^.fcS* L <(i37 s y ieJjlf*rr*) I. . t 
[0.0 14] acMlS^^^V^Tv ACHlit 



[00,153 *?6Kfc:ev>T«.' ,rACHlj ^.y^f^ 

CAaij fie?o4^i»iii:ffiiitt^:S-^i^S9^&ir 
3>wi^ mar, fAsmim'Srf^Tiwm 

i'u-yim {Southern 1975 i. HoL Biol. ^.-5(0, Ka 

idatls:;etj:alj^x^^ 

Labcratcy Press) KX^. ifc f AGWj afiTiCi^M 

^>^;^|o?^#itt:;:;i9^pi L 

>f y>f Xfi^^fWSS^t: J: 0^ r AC 

[ 0 0 1.6 Vz^K^mim^^^i^if^'fi 



Wi, {i)«ftllMat«¥5r«8*ro«->-E5!|<0T 

[00171 ^S^ir-fe V htt, if ASnTV^SDNA«?fi 

o^-df- (ftlell et al. 1985 Nature 33:810) ; -f 
*<?)r^'f->'7*D*-^- (Zhang et al. 1991 AsntC 

eil 3:1155) . h'^^rn^xOit'^f-yrD^-i?'- . 
(Cbrnejo et al. 1993 Plant Mol. Biol. 23:567) .^T.- 

t-rJ'-t era, Witf**® ■ fflfi • :^r<>&x<^ 
ss'^, iss, saiv sM?M; 

.-^-.fc t.Tti, *«s • ffla •. '^.rf.ifir;?.??®. 

t-^- (Xu et aL 1996 Plant Hoi. Biol. 30 : 38 
7) ■^^'-'N*3WR^'>'A?^'S3Se^<07'nqE-yT- (Ois . 
hiva et al. 1990 Plant Cell 2:95) . il^lC^oTgi 
^ i^?<0:rn^.^^W, (Aguan 

et al, 1993 MoL Gen Goiet. 24Dil) 
mt^tih I'hspSq.j :#tgf:^.: r;!i?p7ij )tg¥« 
Ta^-^- (fen Breusegea et air -1994 Plant* 19 
3:CT) , l^t^JroTiS^SitSJ/O^ jffX><D ^ra 
bl6i jtefi07T;i.i|tr:^,-r. et al. 1990 Proc. 

ifeti...ifcad. Sfct;.M;i^^^^ :S^«lK^8Sltfc-t; . 

^—9- (Schulze-Lefert et at. 'iS^Wm^^-''i^'\ 

1):, m^iSk!li^''?mmitYP^P^ 

;l^t Kn^'^— 4faeF<ora*-ij'— (telber et 

al.l987 ftxjc. katl. Acad; Sci. U» 84:^> =2:^^^ 



To>7^7>tK. s*iiSv^ft. 4«ffit.^Jih. 
i^^yn'i^siffiufe^^^ 

nsgenic Res. 2:218; Hiei et all 1994 Plant s. 6:27 
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1) , XW;? ho;|?V— j/3>^ (Tada etal. 1990 The 
or. Appi. Genet 80:475) , ^VX.^U>^0 :3-A^ 
(li^erik al. 1991 Theor. Appl. Genet 81:437) , 
-f (Sanford eUl. 1987 J. Part. Sc 

i. tech. 5:27) ^rt'a^tC^<oa>*<D:^S:fflV^ 

[ooi^fj^aegi^ii^jrfifljfflsati, n^^-t^z 

Fujiiufa^ ( Plant Tissue Culture Utt. 2:74 (199 
5))<0^^b^feit, h'>t.03y--C*<ttfShilU.to 
4, (Bio/tS;hnolo» 7:581 (1989) ) 0:frj|%Gord«r& 
■4(5, (Plant Cell 2.603(1990) ) **^f feitv >'>^:< 
^•Vi>iV^\ssert> (Theor. to>l. Genet 78:594 (198 
9) ) ^0*^fe&%^^ 4.it, ^A-a-C<b*tiiNa8atat Ta^ 

X*-ci>H:^«BM^ :(P1^ Cell Rer«tts;l2:t-ii a9 

92) ) ^*^*«t^f ^.iii. iiifcJ: omiiSii^au 




fcs 



(^l.^^i(oi:ecuiar cloning Ofaniatis T. et al. Co 
-id.S^nk.Haitor Lato Press) j ) {c£4^^:^ 
r>t:, tt:. xO'f jffX^<o«3c^^±«2rfflVAfc 

>Vaft!<^^^trnh3-;l' (5^) J ) 
[0 0.2 21 (11(1011] AC»ljB£KTO#e 



^-f A0Wlitfi^<OSSfei*:J:^B^ifc^S3tJ6fc. 
^V-*:-^IBV^T"7vt;y^^^frr:)fe. apVil (alte 
red cell wall n^Mii>^'( ?li';^-^<^^^yX 

•ti-, WiSUfctffe (830li«c) *>^>yyADNA^ftait 

it» ;nn»<w/umi, -^-/i-k txuhi^L 

r215.2.2j , rBiP5-9.1.1j 5^^*iT.^*l^^V^T, 

ATJffGTTTCGC-3j , fffiF^^l^ i 5v^^^ 
CAAttCntCMG-Si Sr^L, :iitfe^|^i^^;E2i^t 



5-9.1.11 i:mtt^ti^T^t^<rmT'9^^ . 
- rgygn^ : 6/5-TACrTAATAAAGTABGSM'AATGTCG- 
3j > rffi^Sfl^ : 7/^'WAACATGAAlTC^ 



lOd 23'] ^jfct'TV i«3iiSK?^iStfM 




x-^3ayers<^^^y-^NA-e««s*i.i^'>'AfiNA7 

'(:/5>J- (*5rtO000^a-V> $r f215.2.2j , FiiP5 

^^^iDrii^tiS^^f^^ 

2i ro-r-i/"C3'^<^^o-^. (TAcaii?. 12J22, Pvli: 



:/fr/a:i5E4. 9P8i:6?Stfc) . rTAC15E4j:C5 

. ri^l^iR2i|J|^i|:«6(^^ = 
lOftfrr '■l5E4-tj W^^f'^-^Ww^^'^P^ 

AD2^fflv^^:. iliLfcDNABtM-Ot^E^Srfetfc ^15 
E4-L J i i: * 2 iia<«>C»r5>( 

ri^!^ : S/^CtriffAMTGGGTATAAW^ 
3j , risjdS-t : 9x^tGCITAAtrerCGOT 
c-3j t^L, c;h.fe5:ffivvc, 
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c 0 0^ 2 4 j jitt^'y i^6NA5 if y -tiv ifi^^^iipt 
(f Aer<^i^ ^-^ ) vf!^ixt 

V>5<?5-ejTAC6M17. IZ^^Kli^TVX h^V^-^ *- 

Kli^^fyfVX h 5i':!t7V-TX— B.yli rKazuhitoAkaa 
a, Hideaki. Shiraishi , Shpzo Ghta, Kenzo Nakaoura, 
Kiypt^ Ofcada, and Yoshirp. Shlnn-a; Efficient; tran 
sfonBtiqn of .Arabidpisis. of 
theefficiencies. mth yari<His orgap^.f.'plahi'e^ 
. s and Asrobacteriua^^ ,Ref>pii^: 
(1992) 12:7-11 J »5*^tfi!V\ * , t.^UJ^i^fr V 

[0.0,2 51 jfeiLt:. :ii6^«<^KABrM^^ERI«£:-- 

mtt. 



[0027] @lil0l|2) acMl|S^me^»HHb^«t|jsf{^ 
1/2B S^ififciiiS^ UTtB a<^ffifc J:tn=^$'«I 

41CT@^UJt. ISfifcUy||/<y7T-(pH7.0>Ttft» 
(2~4'C) . ^ftJ, A'.y7r-m(>-20#l§B|-r4 
~6tHlAft#;?.;t. <}?VST, OsQ, • 3% KHhQi7arri~2 

l«^^T/t<3-;l^i/U;-X (30. 50. 70. 90. 99.5. 9 
9.$r^vabcif v^^^M) :.fc#10t^20^?llila^ 

01.812), s. fSffcffl (DDSA) , ISfiiaa (PHP-kl) #1^^^ 

fiawffliil*av^>£. 35x:<o®a3SrtfciBvi:v>T45 

BBfSLJt . m^m^^ Oai L., «®« 5 ^ a 
Lit (l(r#tt'^5-fe;ka^X^i?^>^i:<7)^^a<0 

[0028 1 t(7>'mf^mmtii.hm&^mm<o 



fe:(a:iB,c);5f. 

vA) V TEifflfrfe45V:V 
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ftliiS'C* (9.500n«, 10». 4X:) tii.. iiiSrlf40 
n-yt:. Wix.^ /-A'iMl. J:<!SSt-«fe (4 

(1:1) «*Jnx.X^'-7--CSB¥L5t (30#) . 
a^:v(9.5«irpi. 15^. 4X:) SLt»S:JIT, 

ifpxiy*;fiirM3i^ fj-A' (1:1) aajsrffoyi. ;n 

^,(^J'qn7*M/>!:?y-n' (1:1) ftJli^Stt, «Si 

^xZ-r^/ir/i^i^^fc (2:1:1) 

.a'n<^^Bli;)Si' (9.5(»rp». 15iiin. VC) L . 

a, TS^-H^asi (o.iM y>'SA-/7T-+a-rs 

7— 2Big/B] (Signal Aspergillus oryzaefijfet hyl* 
: xy 5S) a'?»*>Wii: ^ t=5:)5«<a?f -> 

[00 3 01 COI^yrA-^rfflVt-CSf^^ffoJt. * 
(TFA) 2rS.5iil (O.Sri TFA/lng ftlEM) Ini. 

V'<x*.'n2ix:"Cii^'< >^ a'^- b t , f^Si^^M^ 
: io^/j^ii^4i^): i:tj^i:«fe («^^^ 

li, acwi5;^#>^>i'3- (1790.0±86.4n«>l/i 
ftSfflBS) iiv wt (©^) ( 1907. 6± 158. 4n«9l/iK 

y-X t '>P>'K<Ofi ( 'Himi45.7±7;0; 699j6±3 
>l:7rabl/|8jige). tt t«t. (90,3±7.5. .441,6i?.Tm 

i^^Witi^fe. ■^>f-y(MBin()galactmx)nan)iflilni 



l0 0 3 2i(l|itM4) -b/PD-xaaKOSSf 

5*lSifc**l5)2.(05. 5^) . wt1?^^t->TV^i 
(ITim) fcO*«iJ<R«§<WfeO{±vilKSS10JtJ^)y2 

[00331 -fc;H3-X0:, S«^^^-1.4 

■ ftHShung, 197-5ate(i®9) ^?^ 

IN HM.' 4N KOH, 4H KOH^X *^7pS<0«^T5i--i5^V 

. Fi :': d6gr^ flf : iwj^na-lsatiai) li^^ : 

[pb si l JEUi<^?^i&&^^ AcwateTp!e«^^.^x 

•^-•ri^i^^^^xj^,: ■ ^ '' '''' 'yy 

[00361 (ie^5 ) OD 7 «A?ik/>t Jfr/^nr 
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j!Ji^'a7h/77-f-(TLC)'CIB«fUc(H7). 
fc. 2M fFAi&2Sgijostl2ix:Ti^^ y^Af<.-h 

8:5:4) TSiaLJt. SB3@^. rv-h$-fa!l$*. ig 

[00371 Z<Dm9t(mSk. Mtfcacwlki{C«5 ? > 
4). . CifUl, Mp<W8i&fl}flgLTV»$;if7^'h-x- 
;J?^x> t.,«.-5t^,»).i;i^$i?Lfc (07 u^,v,4^ffl) , 

[0,0 3,8] tti. «raj!fec^j£4i-$:^*ff-,Sfc»e>fc. r 

(io«/*i.NH,mi}»)jE25o*tii=«ipt,.iies^t'/^ 

.: ... . Tl(i^:?an^^'y«) ^ffiO. SSaS*^. aifi 
OT-fe:hVfc«*»L. ;y>t^'n'7>:/77-<- (Shi«d 
zu CC14Aa^;5r9A) 
■ [00391 TFA^SF®«. S^L^^?-xr4^Jta«D 

[0 04 0 1 ^ -#«f<^>^. aaj 

(». ac»l|iXf7i!: h-X 70.0B>r(». iT/Pa-xaOiO 
■ol(»t-ai.o>i..aci(itf)^rrt',ar-Xft{i. t(ttifc/<tyl^ 

[ d 0 4 i l^QDI? * ;WA/> y-A«4^TJiliDl> 



(GPC)»»ftlT-»t. wti:acwl-eitm<oi?OD7t;u 

[00421 -eolSIR. PTfrfctl. 3. 4. MUcfflS-*" 
h>i-yif'-^t,ixft, wt<7>&e-^'<0xyTJtii, 36.1 
Z, 14.8X. 28.4J;. 2().7X-C&on:. acwl<?3#e-^?<Dx 
UTJtti. 26.«:. 15. 2S:. BO.OK. TlMXh-^k. awl 
Tiiwtfcfl:^, 3, 4. 6tfoa*fiiitv^^. 6IS<^JSSd. 

imi^<7.'2^TS}r>fz. ov^-e4«rci.ai:-c*r>fc. . . 

[00431 i-ewT. ^^it^^tii.^A<a-^xm 

■Cxy A-i^3 yt,. 2M I. 

as- 3 4>fc4I3g9Sty::. ;>< y-n'250j«lS:iDi.S£ 
@§-e-4«SIS:30»O.Stfc. «*i^i&59jil . 

.mmx:x:3m^{T-^i-/\>{^i^^.-^i£m.: . : : : 

|g®*500/zls&Jni. Na2CQ3i&^S*S"C*<«:Si 

MM.m (GC-KS) ^tf ofc. ;>yx^P V .4 -/ ' . 
M&fi-Viai, Shiaadzu QP-200eAt5 J:t^m.JHSH)X30 . 
3SffiV^3t. 

[00441 -eofeft. ;!r9^ >- 

4-iS^; ;&J:t/%-e^gafi$it 
ii. -Iji^A-^-xii. :?-5■^^#^l^<};tf4-|g^ 

...07^;r4^4-^:4/r^^®^3^fe^ : 

[ 00 4 5 1 Citt J: 9 . l^/l'^^X^^ff^umkJLti. 

[00461 
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SEQIENGE LISTING 

<;110>; Oji Pap^ Co..Ltd. 

KasEusa DNA Research Institute 
<;120>; HeiUiod of nodlfying plant cell waiil co^nents 
<;130>: M2^5DP2 
<iUO>: • 
<;141>: 

<;li60>;.>9 • - 
<rl7(>:: feteritin Ver. 2.{) 
<-210>; 1 . . , , 

• ' • <:211>: 621 . ; 1 . 

<;212>; PRT ' . . 

<j213>; AraMdc««is thaliana^^^ 
■ -v <im>'.:l ' 

Met Tyr iGly Ari f^ Pro tip Gly Gly Pro Leti Glii He Asn tte Ala * 
1 ■ ' • -5 • W . ■ . . . 

V./";:Asp*Ser'Ali^'n^^^ 

20 25 ' 30' •. . 

Arg Ala Ala Leu Ser Arg Pro Leu Asp Gin Thr Gin Gin Ser Trp Leu 
" 35 40 . 45 

. . Leu Gly Pro Thr Glu Gin Lys Lys Lys Lys Tyr Val Asp Leu Gly Cys 

50 . S 60^ 

lie lU Val Ser Ar« tys He Phe Val trp Thr Val Gly Thr leu Vai 
65 70 75 80 

Ala Ala Ala Leu Leu Ala Gly Phe. Il« Tlu- Leu He Val Lys Thr Va! 

85 • 90- . 95 

Pro Ar« His Ifis Pro Liys Ttr fto Pro Pro Asp Asn Tyr Thr lie Ala 

100 105 110 

Ldi His Lys Ala Leu Lyis Phe Phe A^^^ 

• y m : ^; 'w^ -.. ' " \ 

. . :giV tys .Gly G^^ 

145 . 150 155 160 

Tyr Asp Ala Gly Asp Ala He Lys Phe Asn Phe Pro Met Ala Tyr Ala 

165 170. 175 

Met Thr Met Leu Ser trp Ser Val lie Glu Tyr Ser Ala Lys Tirr Glu 
: ... 180 185 ^50 

Ala Ala Gly Glu Leu Thr His Val Lsfs! Glu Leu lie Lys Trp Gly Tte- 

195 200 205 

Asp Tyr Phe Leu Lys Thr Phe Asn Ser Thr Ma Asp Ser He Asp Asp 
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210 




215 




220 


Leu Val Ser 


Gin Val 


Gly Ser Gly 


Asn Thr Asp 


Asp Gly Asn Thr Asp 


225 




230 


235 


240 


Pro Asn Asp 


His Tyr 


Cys Trp Met 


Arg Pro Glu 


Asp Met Asp TVr Lys 




245 




250 


255 


Arg Pro Val 


Thr Thr 


Cys Asn Gly 


Gly Cys Ser 


Asp Leu Ala Ala Glu 




260 




265 


270 


Met Ala Ala 


Ala Leu 


Ala Ser Ala 


Ser lie Val 


Phe Lys tep Lys 


275 




: 280. 






Glu Tyr Ser 


Lys Lys 


Leu Val His 


Gly Ala Ly$ 


Val; Val TyrvGln Phis 






296 . 




•300^' 


Gly Arg Thr 


Arg Arg 


Gly Arg tyr 


Ser Ala Gly 


Thr Ala GliSer Ser 


305?: 




310 


315 


326. 


Lys Phe tyr 


AsnSer 


Ser Met Tyr 


Trp Asp Glu 


Phe lie Trp Gly Gly 




325 




330 


335 


Ala Trp Het 


Tyr Tyr 


Ala. Thr Gly 


Asn Val Thr 


Tyr Leu Asn Leu He 



340 345 350 

Thr Glh Pro Thr Met Ala Lys His Ala Gly Ala Phe Trp Gly Gly Pro 



3S 360 365 

Tyr Tyr Gly Val Phe Ser IVp Asn Lys Leu Ala^G^^ 

Leu,teu Sor Arg Leu Arg Leu: Phe Leu Ser Pro Gly.T^. I^p Tyr Glu 
385 • " 396: '- -395 . 400 

Glu}rierLeu ^ Thr Phe. Bis:Ash jQln Thr S«f lie Val Met Cys Ser 

405 410 415 

Tyr Leu He Phe Asn 1^ Phe Asn Arg Thr Asn Gly Gly Leu He 

420 4S 430' 

€iu Leu Asn His Gly Ala ftx> Gin ftx) Lea Gln Tyr Ser Val Asn Ala 

435 440 445 

Ala Phe Leu Ala Thr Leu Tyr Ser Asp Tyr Leu Asp Ala Ala Asp Thr 

450 ^ 
Pro Gly Trp Tyr Cys Gly Pro Asn Phe TVr Ser Thr Ser Val Leu Arg 
465 470 475 480 

Asp'.Phfe:=Ala:Arg Ser Gin lie Asp-Tyr lie Leu Gly i Lys: Asn i?^ Arg 

. 485 490 : 495. 

Lysii Jfet Ser Tyr Val Val Gly Phe Gl:y Thr Lys Tyr P^o^ Argpflis Val 

SW). 505 ' 5i^^" 

His Ms Arg Gly Ala Ser He .Pro Lys A^ Us . Val Lys Tyr Asn Cys 

• 515 520 525 ^ 

Ly? Gly. Gly Trp Lys Trp Ajrg Asp Ser Lys L)^ : Pro Asn Pro: Asn Thr 

530: . . 535: 540 . 

He -Glu. Gly Al a Met Val Ala: Gly. - Asp Lys Ai:&\Asj^ Gly^yr Arg 
545^' ■ f ; 550 ? " 555 ■ '560 

Asp Val Arg Met Asn Tyr Asii Tyr 'Rir isiu 1^ Tte Leu Ala XSly Asn 

565 . 570 ... 575 

Ala Gly Leu Val Ala Ala Lpi Val Ala Leii Ser Gly Glu Glii Glu Ala 

580: • 585. - 99(}^ 

Thr Gly Lys I le^Asp Lys feii Tin: Hje Phe.Se^ Ati- Val-P^ Leu. 

595 • ■ : ; 6(6. 

Phe Pkx) Thr Pro. Fro Pro ft^ Pro Ala ftro Trp Lys Pro 
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610 615 620 

<:210>; 2 
<;211>; 2257 
<;21?>; DMA 

.<;213>; Arabidopsis thaliana 
<:220>; 
<;221>; CDS 
<;222>; (71).. (1933) 
<;m>; 2 

gcacgagatc featcccaaa cctttgattc attgttgttg ttctctgctg ctttatpaga 60 
gagcatcatc atg tac gga aga gat cca tgg gga ggt cca ttg gag ata 109 
Met Tyr Giy Arg Asp Pro Trp . Gly Gly Pro Leu GIu I le 

1 5 lo: 

aac act gca gat tec gcc acc gac gat gat cgt agt egg aat tta; aac 157 
Asri Thr Ala Asp Ser Ala; ;Thr Asp;^A^i> Ai^-^it Leu Asn 

:15 \ . : ' ■■ ; i ■• ^o' ""^ ■ ^ ; ' v- ^25 ; • V : ■ ; .- • ^ 

gat ttg cgt ctt tea; eg^ cca^^&i^^^^ 206v 

30 . ' 35 40 . . 45 

agt tgg tta ctt ggt cca acg gag eag aag aag aag aagitac gtc gat .253 
Ser Trp Leu Leu Gly Fro Thr Glu Gin U« Lys Lys Lys Tyr.Vat Asp 

fete gjgt: i^ gtt age cgc aag ate ttc gtc tgg act gtt ggt : 30l 

j.t^^^^^^ :iiie. Yal Ser.^A^ Lys lie Phe . Val trp Thr Vai 6ly. 

'M^i- ; ■ v^. , ... ; 70.- - . - ^ 

. jfe Leu- Val Ala Ala; AlC Leu^ teu; Aia#^^ tii^ ^ J ji^m ' 

•^aaa ^act gt» ecis cai isajg- act^t^ 397 

Lys Ttir Val Pro^A^ 

-• act ata-.'gGt' cta;.pac;|aaa:.;gct ^ " - ^IS- 

^ Thr lie Ma Leu tt^ Lys iia^l^ l^F^^ 

'^Mr.. 115 120 ^ : 

tfir'^ aag cat aat aac gtg tea tgg aga ggt aat tct ggg 493. 
.. JGiiK'iis Lai His*:fen^:- 

■.130. ' 13S*" \:' i^. / 

V ctt caa''^^ ggt gaa aca gga age ttc tat aaa gat ttg gtg 541 

Leu Gin ta> Gly Lys Gly Glu Tlr Gly So- Piie Tyr Lys Asp i>eu Vai 
145 ISO ; 155 

. ^ tat:sat3g^ 

.,Gly^Gly;f!^ Tyr Asp- A^^ ■ 
m 165^ 170 . 

get tat get atg act atg ttg a»: tgg i«ft gtt ©7 
Ala Tyr Ala Met Thr Met Leii Ser. trip Ser VaV He Glu Tyr 5%. Ala , 

175 180 185 

aaa tac ^ get get ggt gag etc act cat gtt aag gag ctt ate ' aaa 685 
Lys Tyr Glu Ala Ala Gly Glu Leu Thr iUis Val Lys Glu Leu He Lys 
' •190-- ■ • m - 200' ' 205 

tgg gga act gat tac ttt etc aag act ttc aat agt act get gat tec 733 
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Trp Gly Thr Asp Tyr Rie Leu Lys Thr 
210 

gtg tea 
Val Ser 



att gat 
He Asp 



aat aca 
Asn Thr 

gac tat 
Asp Tyr. 

255 
get gca 
Ala Ala 
270 

gat aac 
Asp Asn 



gat ctt 
Ai^ Leu 
225 
gat cet 
Asp Pro 
240 

aaa agg 
Lys Arg 



aat gac 
Asn Asp 

cce gtg 
Pro Val 



gag atg gca get 
Glu Met Ala. Ala 

m 

aag gaa tat tct 
Lys Glxi Tyr Ser 
290 



cag gtt gga 
Gin Val Gly 
230 

cat tac tgt 
His Tyr Cys 

245 
act act tgt 
Thr Thr Gys 
260 

get ctg get 
Ala Leu Ala 

aaa aag ctt 
Lys Lys Leu 



Phe Asn Ser Thr 
215 

tea ggg 
Ser Gly 



aat act 
Asn Thr 



tgg atg 
Trp Met 

aat ggt 
Asn Gly 

tea g<^ 
Ser Ala 
280 
gtc cat 
Val His- 
295 



ega ect 
Arg Pro 
250 
gga tgt 
Gly Cys 
265 

tct att 
Ser He 

ggt get 
Gly.Ala 



Ala Asp Ser 

220 
gat gat gga 
Asp Asp Gly 
235 

gag gat atg 
Glu Asp Met 



gta ttc aag 
Val Phe Lys 
285 

aag gtg gtg 
Lys Val Val 
300 



781 



829 



teg gat etc j877 
Ser Asp Leu 



925 



973 



tat cag : ttt gga agg acg agg aga ggg aga tat agt gea ggc act gcg : 1021- 
Tyr Gin .Phe Gly Arg. Thi; Arg, Arg Gly .Arg Tyr. Ser. Ala Gly Thr Ala 

305 . . 310 M5 
gaa tct age: aag ttc tat aat tea agt atg tat tgg gat gag ttc att 1069 : 
Glu Ser Ser Lys Phe Tyr Asft Ser Ser Het Tyr Trp Asp Glu Phe He 

320 . ' 3'25 . 330 . 

tgg^ggt^ get tgg atg: tat, tat get acc.^ aat gta acg tat ctc 1117 
Trp Gly Gly Ala Trp fet Tyr Tyr Ala Tbr Gly Asn Val Thr Tsr Leu 

335 340 345 

aat eta ate ace caa cct act atg gcc aag^cat get ggt gee ttc tgg 1165 
Asn Leu lie Thr Gin Pro Thr Ket Ala Lys His Ala Gly Ala Phe Trp 
350 3ffi 360 365 

^ ggc cct tac tat ggt gta ttt age tgg gac aa& aag ctt get ggt '1^ . 
Gly Gly i>ro Tyr Tyr Gly Val Phe Ser Trp Asp^ Asn Lys Leu Ala Gly 

370 375 * 380 

get cag.:ttg ctg ttg age egg: ttg agg. ttg ttt ctg agt cct gga tat 1261 .: 
Ala On^ljBu Leu lieu Ser Afg Leui.Arg; L^ Phe Le« Ser. Pro Gly Tyr . 

385 390 . 395 

cca tat gaa> att ct^i agg acc tic cac aat cag. acc age ata gtc 1^99 
Pro lyr ^^^^^^^^^ He tiailArg Tfir Kie Hls: iten Gin Thr Ser lie Val 
. * ' Z .. li... .405. \. " ' • ■ •;:410^: J ■• ' - 

::;atS;tgi?v;l£^ 1357 
m 420 ^ ^ 

gjgt tta::ati^gag ttg/ aat eat.;^a: g(:i tat; tct 1405 

\iiy Lfiii J^HisvQli: iA^YP^^^ ?rjo^^ !Sln Tyr;Ser 

..43Q . ' -''2- M^. . ,^.2j '2'- ' ' ...445...^;...:.. 

gta aat gca. get ttc tta. gcg act eta tac agt gat tat ctg g^t get 1453 
• Val Asn. Ala. Ala Fhe Leti -Ala Thr Leii Tyr. Ser Asp Tyr Leu Asp Ala. 

; . ' V ' 450- .rm-y ' m - 

g^t .gat act cct gga tgg . tae- t^ gga cctvaat ttc tat teg aca agt 1501 
Ala Asq> Thr, Pro Gly Trp tyr Cys Gly Pro Asn Phe Tyr Ser TTir Ser 
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465 470 475 

gt« eta cgt &c ttt get aga toe cag att gat tat ata etg ggt aaa 1549 
Vai Leu Arg Asp Phe Ala Arg Sisr Gin He Asp Tyr He Leu Gly Lys 

480 485 490 . 

aac cct egg aaa atg agt tat gtc gtt ggt ttt ggc aca aaa tac cca 1597 
Asn Fro Arg Lys Met So- Tyr Val Val Gly Phe Gly Thr : Lys Tyr Pro 

495 500 505 

aga cat gtg cat cac aga gga get teg ata ccc aag aac aaa gtc aag 1645 
Arg His Val His His Arg Gly Ala Ser lie Pit> tys Asn Lys Val Lys 
510 515 520 525 

tat aac tgc: aaa gga gga tgg aaa tgg aga gac age aag aaa cca aac 1693 
Tyr Asn Cys Lys Gly Gly trp Lys Trp Arg ^ Ser Lys Lys Pro A^sh 

530 535 540 

cca aac acg att gaa gga gcc atg gtt ^t ggt cct gac aag cgc gac 1741 
Pro Asn Thr He Glu Gly Ala Met Val M Asr Lys Arg Asp 

■•545 ■ ■ .550- :S55 "- • 

ggg tac cgt gat gtc cgt atg aac tac aac tac act gaa ccg act ctt 1789 
Gly Tyr Arg AsP Val Arg tet Asn Tyr As^^^^ 

560 565 570 

gca ggc aat get ggt eta gtc gca get ctt gtg ^ tta teg ggt gaa 1837 
Ala Gly Asa Ala Gly Leu Val. Ala Ala Lea Val Ala Lea Ser'GIy Glu 

575 . 580 585 . 

gaa gaa gee ace ggt aag ata gac iataa aac act att ttc tea get gtt 1885 
Glu Glu Ala Tlir Gly Lys lie Asp tys Asn Thr lie Phe Ser Ala Val 
590- ' - - J : .-995. l-".//.V'^. --.m ' . 605^ 

cct ect ttg ttc cct act cca cca ect cca cca gca cca tgg aaa cet 1933 
Pro Pro Lea Phe fro Thr iPSro Pro fro fro Pro Ala fro Trp Lys fro 

610 . ' 615 62» 

tgagaaagct agacttgtgt gattct^ etgctgccaa aaaaaatgaa tgaj^taaga 1993 
aggatttggg tgtgagacca gaagattaga agctaaacac aagtcagoca taaceaaact 2053 
actaaggatt tcatttggct ttactagata. caaacacggg gtgggttact ttaecacaag 2113 
v^ftgtctM^^ 
eiit^gttt 

-aiti^LactgU: ttaaactttt.a^ .'V- ^2?57 

.;<;21(^:;:3;::::' • ^ '/. I W^'-^^^ ' ' 

<;211>; 12319 ' ' /' 

<:;212>; DNA J.' ' * 

<;213>: Arahid<^is thaiiana. 

<;220>: ^ , ^ '/.^ 

<x723>\ .(3447).. (3819) 
<:220>; ' . 

';<i221>^.e>a«i.'. 

<;22p>;; . ' \ , ' " . - " ' 
<:22i>; expn 
: <;222>: (428a:.- (4746) 
<:220>; . • " " • ; • ; ' 

<r22i>; exsxk 
<:222>;.. (4863).. (4998) 
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<:220>; 

<;221>; exon 

<;222>; (5100) (5272) 

<;220>; 

<;221>; exon 

<;222>; (5443) (5850) 

<;400>; 3 , 

ctcgagaggt tccattcttc tccgtcttat cga^tatcxct tttgaacatg ctacaagata 60 

tcatgtttgg cttggtcata tcaccatggc tttcttctec ttacatggcc tctgttatgt 120 

tgttggatgg atcattcaag gtcaactttt aga^itgta agatcctaca acatcattga 180 

atcttgacat aatagtatag cctagttiEt ctactatagt atagtgtcga tcatcggttc 240 

aagata^ tatactctat aagtcacaat tttatcttct tattttctat tgtaaagttt 300 

catcatcatc aactacttac tcctxrtcaga tattttcatg gaatgctatc ggaattgcta 360 

tcttaccGgg agttatcagt ctagt«gcgg gtttaictgat gtgggtcaca tcgcttcaca 420 

ccgtgagaaa gaattacttt gagctcttct tctacacaca tcaactatac atcgtcttta 480 

ttgtgttctt ^acttcat gttggteatt acatetttag tatagttgct. ggaggaatat 540 

ttcttttcat tctagaccgc ttcttgaggt tctgccaatc aagaaggact gttgatgtaa 600 

tdx:tgcaaa gagtttstcGt : tgt^^ -Gctttcaaaa: ccaccaagta 660 

acaactctgt tUttctctg ttttctaqct ctaatctaaa ^atttactg acttttttct 720 

tcttcaatac cgcaaaaatc agatatgcga tacaatgcgc .ttagetttat ctttcttcaa 780 

. irt;gagggaac tatcttggct ac^ 840 

■gggaaccatc atgttgcggt tctcataaag gttcttggtg gatggactgc aaagcttaga 900 

gaccagttjst ca^ 960 

tatcctaaaa itcacaacttg 4020 : 

•gcgrfaat^ca 1080- 

gaaagattta ttgcgggtgc aggtatgaga acctggt^i:! agtagcagga ggaatcggga 1140 

ttacgccttt tttcgocatc ttaagcgata tcctacacc& taaaagagat gggaaagctt 1200 

gtttacctag taaggtttta gtt;gtatggg ccattaaaaa ctcagacgag ctctctetgc J260 

tctcagcaat tgacatacct tccatttgcc ctttcttctc taagaaacta aaccttga^ 1320 

. ttcacaUta . tat<»ctcga caatccgagc ctcgcttggt acgtcttaaa taagtctttt 1380 - 

gggagctgca ataggcctta ctaagcttgt tgaactcttt aatgtttcat ggttatacag 1440 

gaagatggga tggttcacaa ggtggtgcat ccttctgtca agctaccacg gaccaacgga 1500 

tgttctatgt cggtactart tggtacaggg gataaqatat 1560 

.atatc<3cca;:ttggatttat ttcaatgatc. ac^ttgttgg acatcttti^ cataaaia^ 1620 

tacaacataa caapglggt^ gtacaaggga cttctattte: itggtt^t ggttgcaagt 1680 
gt^t^Uj^ 

"gaiajg|^ag'- ia^tgg^^ : 

tfi^iiSc^ygra^c 18W 

.^gttatggca cca^gaccggc cttt^^aggt atacattaca aaattag<« tgteaagtcc : jS^;- 

:agttatctcg .ttmttatt talaaaatta tagaaactga aatcattcgg aacggtttga [/^^ 

aagtt^tc" ttt«attggt tc4tgtaa^ti%ttt^^ ^agatitttgd 2100 

gtcatt{^t ^^S^t^ ggagtgt^ tgttgga^ 2160 

tcttcagacg accgtagcca aagaaatacg gtca^ atctggci^t cggcgaatca 2220 . 

toctcttttc cacttcaaca gccacagttt cgatctctaa cgatgctttc aaggccaaag 2280 

aacattaigg aaggaaattc gaagacaaai t^tgcatat attttaiggU atctctgica .2340 

gtatgtacta tgf^aaacag^ tatggtt^t atgtgUtgt ttatctttca gttttcgatg 2400 



tataaagtag aaatcaaatg tatgagcatc tatggittct agttctacac ttgttggtgt 



2460 
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ttctacattg gacatttaat attaattaaa tgcaagctga taagtcctat aattacatag 2520 

ctgcccatat attttcggaa ttttttaaag tagagatata ttcatatata tatgagggat 2580 

tagattctat aattacgaat gtatttaatt tcaaattaaa agttagattc tcataattct 2640 

ccttacttac tctgtgaggg attagagtcg taaaaatgac cacaagatgt. aatttttttt 2700 

taggtcattg atctaccatc aatttgtcgg acacaettat cttataagtt ttaaatttta 2760 

acaaatgtaa gtgaaatttt gtggtagact atcattttca agtagaagta gaatttaagt 2820 

aaccttcctt gttataattt ttttttaaaa attatgtcat tacttagagc ecaccagaaa 2880 

tgatgacgtg taaaacacca taatcalaaa ggataaaata; aaatta 2940 

gtttattagc ggagitgtet ttttrcatec acccgacatfc: agcccattg<: ttta^ 3000 

.aacaaagtat atecaatttt ttgttigaaa a^:gg^ 3060 
tctecgkj^^a 

gcicaatcat agttg^ccaa aaaliticta^ £^ 

:ati*iaaat:aaaix gttttaaaaa 3240 

ggaaaa^ aaaagagtaa aaaaccaaaa ccagatcbct caaagagtct ttgtacatta 3300 

ttgactigag^ 5550 ; 

ttctctWtc ttcte^ 3^ 

ctgctgcttt a*i^^ 347a 
. Met Tjr Cly Asp Prb^^l^^^^ 

cca ttg gag ata aac act gca gat tec gcc acc .g^c gat gat cgt agt ^1 
Pro t^ijGlu lie Asn thr Ala Asp ServAia thr Asp Asp; Asp ^^^^ 

10 ■ ■■15. ■ ■■ ■•■■'^20;- ■ : "V- 25 

egg aat tta aac gat ttg gat cgt gcg get ctt tea cgt cca eta gat :35e9. 
Ar« Asn Leu Ash Asp Leu /fep: Arg:Ala Ma Arg Rrp Leu Asp 

30 35 40 . 

gag acg cag cag agt tgg tta cttggt cca acg gag cag aag aag aag 3617 
Glu Thr Gin IHn Ser Trp leu l«i Gly Pra Thr filu Gin Lys lys Lys 

45 .SO 55 

aag tac gtc gat etc gKt tgt att ate gtt ^ cgc aag ate ttc gtt 3665 

Lys Tyr Val Asp Leu Gly He lie Val Set Arg Lys lie Wie Vd 

'60 65 - 70 

tgg act ^ ggt act ctt gtt gcc gee gcg tta etc gee gga ttc att 3713 

Trp Thr Val Gly Thr Leu Val Ala Ala Ala Leu Ala Gly fhe He 
75 80 85 

ace ttg ate gtt aaa act gtg ccg cgt cat cat cct aag act ceg ccg 3761 
Thr Leu lie Val Lys Tlir Val P*o Arg His His Pro Lys Thr Pto Pro 
90 95 100 105 

ccg. gat aat ta(t aict afe get eta cae aa^ ^ : 

pird Asp Ash}Tyr W 1 le ^a\leu Ri^^bfs-^ii^ jite Asai ; 

110 . " 115 ^ ^ ^ - * ^ 

get cag aaa t gtaagtgtag aatctactta gatctgataa aat^tajgata ta 3861 
Ala Gin Lys 

gagttttaga tctaagtetg attttgattg. ttgtag ct ggg aaaitfcg coa. aag . 3914. 

Sei- Gly Lys' te^^^^ 
. 125:-; . . '130,- 
cat aat aac gtg tea tgg aga ggt aat tct =ggg ctt caa gat ggg aaa 3962 
His Asn Asn Val Ser Trp Afg. Sly: ten Ser Gly Lys 
• 135 * W • .145 
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ggt 


gaa aca gga 


age ttc 


tat 


aaa gat ttg gtg gga 


ggt 


tat tat gat 


4010 


Giy 


Giu Thr Gly 


Ser Phe 


Tyr 


Lys Asp Leu Val Gly 


Gly 


Tyr Tyr Asp 






150 






155 




160 




get 


ggt gat get 


ate aag 


ttc 


aat ttc ccc atg get 


tat 


get atg act 


4058 


Ala 


Gly ^sp Ala 


He Lys 


Phe 


Asn Phe Pro Met Ala 


Tyr 


Ala Het Thr 






165 






170 


175 






atg 


ttg ago tgg 


agt gtt 


att 


gaa tat agt get aaa 


tac 


gaa get get 


4106 


:Met 


Leu Ser Tn> 


Ser. Vf^l 


He 


Glu Tyr Ser Alia Lys 


Tyx- 


Glti Ala. Ala 






180 




185 


190 








ggt 


giig etc act 


eat. gtt 


aag 


gag ctt ate aaa tgg 


gga 


act gat tac 


4154 


Gly 


Gl u 1^ 


His Val 


Lys 


Glu l^ii lie Lys^ 


Gly 


Thr. Asp Tyr . 








• W 




'^.2ip5- - 




210 




ttt 


etc aag act 


ttc. aat 


agt 


Mt get -gat: tec. att 


gat 


gat ett gtg 


^02 


Phe 


Li^ Ly^xt^ 


Phe'Asn 


Ser 


Tfe Aia Asp lie 


A$P: 


A^ Lai Vai -; 








215 




:-'-.i'"220-. 




225 




.;3bca- 


(^vi^cttgl 


bttatgac 


rCtti 


:g .taiag^&^^ 


:tga' 


gttgtttgtti; 


4S8 



cactpgttep; at^ gtt gga tea gg^ aat act gat ^t gga aat 4311 

\al Gly iSter GJy^ A^ 
^ "m- ; ' .235." 

aca ^t eet aat gae eat tac tgt tgg atg cga ect gaig gat atg gac .^59 
Thr Asp Pro: ten Asp.His Tyr Cys Trpi Met Arg Pro Glu Asp Met Asp 
240 .. 245 " 250 

. . tat aaa agg ccc gtg.aet act tgt aat ggt gga tgt teg gat ete get 4407 
Tyr lys Arg Pro Val Thr Thr Cys Asn Gly Gly Cys Ser Asp Leu Ala 
255 260 .265 270 

gea gag atg gca get get ctg gc± tea gca tct att gta ttc aag gat 4455 
Ala Giu Met Ala Ala Ala Leu Ala Ser Ala Ser He Val Phe Uys Asp' 

280 285 
aac .aag gaa tat tct aaa aag e)±.gtc cat ggt get aag gtg gtg tat 4503 
Asn Lys Glu Tyr Sef Lys lys Leu fal His tSly Ala Lys Val Val Tyr 
290 * 295 300 

; cag ttt gga agg' acg agg aga ggg aga tat agt gca ggc act geg gaa 
Gin Phe Gly Arg Thr Arg Arg Gly Arg Tyr Ser Ala Gly Thr Ala Glu 
305 310 315 

i Act age aag ttc tat aat- tea agt atg> tat tgg; gat gag ttc att tgg. 4599 
:Ser Se^^^^^ Asn Ser- Ser. Met lyr Trp Asp Glu Phe lie Trp 

•-'"'W"'r^^^ , • 

.. .ggt /iggjjiict J.tgg. a^ t^t .tftt get aqt g^:^t , gta acg.. Ut etc. aat .4M7 ; 
, Qiy Gly Ali^Trp.^ ^iet Tyr. !^ AUr Tt^ Gly:.A^VYa^ ThFTyr Leu • Asn 
"340: - .'3^: ' * - • .350 

eta ate ace caa. cct act atg gee aag eat get ggt gee ttc tgg ggt 4695' 
Leu He Ttar Gin Pro Thr Met Ala Lys His. Ala Gly Ala Phe Trp Gly 

355: '.360;, . 365 

ggc ect tac tat ggt gta ttt a^ tgg gae aac aag ett get ggt get 4743 
Gly Pro Tyr Tyr Gly Val. Phe Ser Trp -Asp Asn Lys Leu Ala Gly Ala 

- \: m . • :375 7 -;• . 380 

cag gtcag^^ /f?96 • 

•Gin •' ''jy. 
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gtcttcttga tcatttecct taaccatact actcttgact cttttgaatc cctttt^ga 4856 
ttttag ttg ctg ttg age egg ttg agg ttg ttt ctg agt cct gga tat &0A 
Leu Leu Lcu Sm- Arg Leu Arg Leu Ph«; Leu Ser Pro Gly Tyr 
385 390 ; 3K 

cca tat gaa gaa att eta agg acc tte cac aat' calg acc: age ata gtc 4952 
. Pro Tyr Glu Glu .Ile Leu Arg thr Phe His Asn Glh thr Ser lie Val 

- 400 . 405 :410 

atg tgc tea tac ttg cct att tte aac aaa ttt aiiakc aga aee aat g gt 5000 
Met Cys Ser Tyr Leu Pro He Phe Asn Lys Plie Asn Arg Thr ten 

^5 420 ^ 

tagttacett eca^tttaa tgtctgeetc taataaaiact dscaaetisftgg ggcttgttct SoiSO 
tgtttcaigat atctaaaatg. aiaatctttgg tatgtgcag ga ggt tta ata gag ttg 5116 

Gly Gly Leu lie Glu Leu 

: . . . . 

aat cat gga get cca ccg ctg CM^.te^ 5li64' 
Asn His Gly Ala Prp Gin Pro Leu Glri W Ser Vail iAis^ Ala Ala Phe 
435 440 - • ■ 445^ . ' ^450^' 

tta gcg act eta tac a^ gat tat ctg ^t ^ct get ^t act' cct ^ 5212 
Leu Ala Thr Leu Tyr Ser Asp Tyr Leu Asp Ala Ma Asp Thr Pro Gly 
455 • «oO 465 

tgg tac tgt 'gga cct aat tte tat teg aea agt gte eta cgt gac ttt 5260 
Tip Tyr Cys Gly Pro Asn Phe tyr Ser Thr Ser Val Leu Arg Asp Phe 
r ^, . JfO.. , 475.^. .L.„ 480... • 

^ct aga tec cag gtattgcttc tttlccttta ctctttacag aaatggtaat ©12 
Ala Ar^ Ser Gin 
4ffi 

ctcagatata gtaatggata agatec atgaeacttt taaeeaagat tgtacgaaga 5372 
. tctttttaaa etccattttt tattttgaca tctaaattgg atttaactcg gccttgctgt 5432 
attttggcag att gat Ut ata ctg ggt aaa aac cct- egg aaa atg agt.. . .5481 
He Asp Tyr He Lieu Gly Lys Asn l?ro Ar^^^^^ 

..; ;.«0'.-. . ...«5; ; . : ..: 

^tat^.^ ggt ttt g^ aca aaa tac cca iga xat gi*^cat:J(^ /^29 
:. yti : G|y Phe Gly Thr Lys: TyT /Prp:;/^rg#^ -^M : Hii;His 

' ^ .g^S teg" aU^ a / >5577"-: 
my Ala Ser/U<^ Pro L^s; ifeai jlis^^^ 

7y. : "^.^ / "saop - ' \ ■ 'i'As^l^'^^y /-^ -I- \ - • • . 

,.;;:.tjBg. aia -itisg \?kga:';g&c - a^..?^ •f'^l^'&i i.' 
Tiii^!4^tn>'ii^^ 

. gcc atg gtt gdt ggt cct gac iaag cge gac.ig^^^ c^ 5673 

•; Ali Met Val Ala Gly Pro ^ftsp lys- Arg^^ Gly l^s^^ % • 

.' .•■550 ' . U ..'-^'^ •■ • 

/ atg. aac tac aac tac act: gai cc^.act c^t g^ ggc aat gctggt eta • "5721 
; Met :ten; Tyr ten Tyr Thr GlirPrpjThr L^iMa; (hyia, Ala^ 

gtc^^ get ctt gtg' gci^. ttaici gjft gaa iccya^^^ aag 5769 

Val Ala Ala Leu Val Ala teu Ser Gly Glu &iu Glu Ala Tte Gly Lys 
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580 585 590 595 

ata gac aaa aac act att ttc tea get gtt cct ect ttg ttc cct act 5817 

He Asp Lys Asn Thr tie Phe Ser Ala Val Pro Fro Leu Phe Pro Thr 

600 605 610 

cca cca cct cca cca gca cca tgg aaa cct tgagaaagct agacttgtgt 5867 
Pro Pro Pro Pro Pro Ala Pro Trp Uys Pro 

615 620 

gattiqtgtcg ctgctgccaa aaaaaatgaia tgaiggtaaga aggatttggg tgtgagacca 5927 

gaagattaga agctaaacac aagtcagcca taaccaaact actaaggatt tcatttggct 5987 

ttactagata caaacacggg gtgggttact ttaccacaag cattgtcttt cttttctttt 6047 

tttgggttgc tgttttgttc ttgtgagata tcatatatat ctatgcgttt tactctgtat 6107 

atgtttga^ta ccaa^cttgt attctttgat aaacaattta atgaactgta ttaaactttt 6167 

aactatgttt tattgtgcaa gtgtgagatc aacctggaat aacaactgta gtctactaaa 6227 

ata^gtgatt;:^ 6287 

Mtgcag^ ttai^tetl^^^ acatgatgaa gttgtattca ©47 

; : agatgtgttc 6407 

iii^ygaa^ ^6467 

cctttgatgc aaccctbagg atcacggggt. tttgat^t cctgtcggtg aaatgaacaa ^27 

: aataaaaaitg cttggtgaga acgataaaca atgggactat tagattttgc aatgtagaag 6587 

atgactagat ^gatattatiac cctataacag ttgcgctcca tgacgctacg ttgtaagcaa . 6S47 

. ccttacttcc atcccaggct ttccgaagtt tcccctttct attcttcact gagaacatcc :^07 

Jjfieciia^i^^ ttcaaabi^^^ia^^ ^67 

. gqcaccactg . atcaacttca cacataatca acatcaaagi^ aaataac ttg gcgacttaat 6827 

ggtctttgtt^ tgtgtcagcg caataacaag lc ttcctagtt = gagttttaag attggaaccg 6887 

:JgiAa^^ ^947; 

: tgaatec^^ iacpccaaaac cgattcccaa 7007 

gaacaatcaa tgccctttac cagtctgtcc aatgccgtat ttcctctaaa gatctatctg 70i67 
; ttctgaattt gagtgttag^ . 7127 

7187;: 

;/)t;^^1^t 7247 

a^tigatat ac^ aattataaci^ aaigt^^^ ctttgtctgc 7307 

■ itaa^^ cctctgctat atcticttct 7367 

'^i^acaks^^ 7427 
■:}i<5W;i^^^ txrt^^aac^ Q iaatcatftat. 7487.. 

•acaapc^ ;;?547^ 

ggcgctsiaa'cGtsggctgactcaatcttt: tca^ 7607' 

ttgatgagat catataactg aaacaaggaa gaagaaagtc atgac^ tgtatcatta 7667 

xcaaeu^^ 7^7: 

^j-:Sdpt^^ 

attcctcttc. agagagatgc atatacttac ttcatcagct -tcaggatctt . ctcgatcgg^ --TS^^ ^ 

7907; 

tti^tcgt^t tcaga^tga cttcggctaa .gitt^j^ac\i^gagggc^ tctggcaatc 7967 

.attgagcaaa gcttgca^.ttttcxgctV ttatccttat cgattcgttt 8027 

tcdtttgcgc.tcgctattgt taiccatggt attgggt&tt acccaatdct cagagaggat 8087 

acaatcgiag ctcti^ggc atagaatoct ttgaagaaca agatctgaga aga c gacgac - 8147 

tgaicgatcg ttgttgtc©: gcaaattctc ttcctttgtt ttgttttgtt ttgtttttca 8207 

cgttabaaaa aaaaaatggt gttttgtttt atUtgtgtg ^^ctgtgacg tgaaactaat 8267 

tggtttttaa aacaagaittt ttgacatttg gttgttcttt cttctacgaa ttgctatgct 8327 
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attaaaaaaa gcttcacaaa actattacta tagtataatc tttttggaca gagaccataa S387 

ttsagaaagc agaagaaata ataacacttg ttttcttgtc ttatcgaata aaitgggtcg 8447 

ggctttgjiga tttttatctt tttgtttcgt gggttgggtt tgttgasaga catctacatg 8507 

ggtttggaac tttggaggpt igaggtgaat ttt^gattt ttttittgaa ggaccaacta 8567 

tgattatatt cattaatatt ccccaatcaa tttgati^tt aiggattaca cgtetti^ 86Z7 : 

catccttaU taaUttga^ 8687 

gattgaatte tt^cW^ 8747 

ttatttgtaia cacliatccS kaattl^^ 8807 
ttgcatxxstc gwttatt^ . 
ttttttacat tccagta^ ttaiitctc^ aggtttaatt atitaiti? 

agacttcgtt ttcataaatt taattcgte gabtat^ ascccgifttg g^ 8987 

aattaatcat Uttegtgct attctaa^ 9q47 

aaattaaaat atatacttat tattaitttta tatggctkat gtcaaaaiaa^ giaaaggaaaa . 9107 
tggacatcca aaaagaaaag gttgtcgaat ttagttc^cg tttctticte ctttcctj^ 9167 
gtttcaaacc caaacccc<»: tglaaaa^ gcgagagggc acfeaaaaga; caagtgiK^ 
ttgaatgtgt ttatatatat-a^atetgt^ kttttgcag a^:attgcag^^^ tgtatai^ 9287 

. tgaaaettct ggatatatga gagagaccag ggacatgaat ccaaacatca agacacattc 9347 
agacaaagcc aaacagtatc ccatcaatgc ttcacgacca cgtatatgca tagttattgt 9407 
cttttttt^ ccacgtatct ggatagttat tgtctttttt tgaacttata aacacaaaaa 9467 

. caaattcgcg ctctctcacg gagtaglcat acttgcatct tattaacatg tttatccttt 9527 
tggttaagtc tatgacattt ttttaataaa tacatacgag taattggaaa gaaaagcaai 9587 
tgtgcaiaacc tgtgatatga^wacgatixr . gtacatlttt to 

tatgggaaca aaaagtiaUt ggtcaatgcc - gccaaa^ taaggfctgat ggtgtagtag 9707 
aggataaagt agccc^ttt ctl«9$aagc, agtc^aatat gt^tgtgga agacaagaat 9767 
agccagcttt cttaaacgtt atagctaalt gctacgtatt aatUtacca caotttgaag 9827 
atccaataaa ^aagcataat tgtacaatda gagtattaaa a^gaaaacaa tcattagag^ 9887 
taaatattta aatttctcca gaatatgatt gaagacacfct g^agcat^ ttatatgagt 9947 

caaatcaaat taattcegcia acaagctaaa gaaaaccata aatct^aaggt ttgagagaga tO0O7 

ttacaccgtg gaaagatatg tcaattctga tacaaaaata aaatctaagt aga t aaaa a a 10067 

gcaaacgatt cttcatgatc aaaa gr^ ^ aaaaaaaaoc ctagtttctt gattcatcct 10127 ^ 

aac ac aaaa c aaaaaaaaa r ! aa a aaaag a a agaaagaga t tt^igaaaga aggattggtt 10187 
agtatggcgg tggagctctg gctgtagggg c cc aaataa c = atcagagoca: (Kgatgtg^ :;^ ;:; 
aactgti:at tgatacccca cacgactctc ctcca^ 
■ tac^gcicacc agagaccggc ggagattgtc cctctctttc ccctetcccc gccgagtett .;, 1 ... 

tttgctcttc ttccgccggt aaccggtgat aagaagggtt .gttgaaactt gGggcgatga 10427 

Ggtaaactgt tcctgccgaa ataagtggat cagcgacgaa: occtccgatg ati;tgto 10487 . 

gaggtccagc gagagagacg -gigaagaagt tagaaacggg aggagacaag: gaagtacgag 10547 

gcggaggagg gagaaacgtt gcggagacgg agaggagatc aaactttoca tggaaaglta 10607 : . 

tggtagagcc aagagctgcc ggtgatggct gacjgfaaagt gacgttagct acagagccag 10667 

agpcaciaag gacgcagact ccgatggatt tacggcggca : gaaacg^te:atgg<Afc 10727 . 

cgacgtcgtt tcctgaagga actbcgagga tgtaag^ cataggaggg tcggtgtcac 10787 

gtetgacgaa gacgggtgigt ttaggtttgt ttttggaaoc tggtggtctg cc^ 10847: 
gtcggaccac ttcgatggag gagtotcga cggtgggggt . : 

agtgagaggt aa^«agtgt t«ttgtt«tt:gtt^^ 

gcttfflaaaa catttcgtta ctcitttgct ctctgtattc acAJtcat^ 11027 . 
ttattttatg gattfeBrttfe^t^^ 
atttotajaag aaaa t aaajaifgiag ^ ^ 

•gjgggtgaaita aagagatgat agaggagaggtgactttt^ ; 

atggtgtata aagtataaaa 'tggauiaa^ tgj^Utaat a^ Z^^*^ . 
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gaaatggttt tgttttctat aaaaagaaaa aaagagaaat gagaggatag ggaagaagga 11327 

agatgagctt tgaaagcaag aaaagagagc ggcgccgcta gttgggaatt gcaagtgaag 1387 

aaaacaaaat acgtgtcttt ttgttgtggg ttcacactct cttctttttt ttttttaata 11447 

aagtttttgg gttcaaacta tattataata tagtatttga tcaaaacttc gtctattaca 11507 

aaaatataat aptttatgaa agttititta gaatacagta tcaacgacat aaaatttaaa 11567 

tttttttttt tttttaaagt gacttgctat atagtcattg gatatgtaga atttattcta 11627 

aaacctgatt tgattagtga tgcagajgaga aaaaaaagat agggaggaga caagtgggga 11687 

atggatgatg agagagggag agggacatcc cccatttccc aaatctggag tgtgctatga 11747 

atcaattcgg tctctttcac atctctcttg ttggcctcat tttcactctt ttaagtttta 11807 

tcttcttctc .cttc^tcaftt attaacttat ccaigttact atttggjttaa cactatacaa 11867 

ttcatdiicc caacgctatt cgttttcaat atcatttttt tctcttggga 11927 

B^i^itpti^^^^^^ 11987 

; Itgte^^i^^:' tte^tagtat .12647 

agttaUaac ttaacgm aaaataacat aaaattacgt 1210 

vatgatttttt ctttett^ 

: Uttccttte^ tecatcacgt agt^t^ taacta^at: tccat^ 

: tgcagagaat aacaa^aatg gtcgacaaga gagaagaagt ipSBJ 

tatgcacgta gc<at|^ttc c^jtiggctagc ,.ta t^l9 

.<;210>; 4 ' '''''' '■^f^':''^^:^^^ y-::: f/- ' ' •'■ ' ' V-^ 
•::<i211>; 28 

.'•^1212^; m . * ; *' -■ ' . 
; < ; 213>;\ AiBbi^c^is thaliana 

^':<^}::''\-^^^^^ 



. : .^- y 28 
•:-.'.^<::210>;'5'*-'' "■'*.V^''"' " 

• <;211>; 28 

V;; ^ V - ■• ■ 

<^213>; ArabitJopsis thaliana 

:;::.v^$^ • . .... • ..^;J:v:, 

<;223>; Descriptipii of Artificial SeqaeitteiArtlficia^^^^^^^ 
' •<;400>; 5 

caataaataa ttatacaaaa ctttcaag 28: 
"l-<:210?>; 6: .[ ['T^^l'- • - --^ '-"ir -y.r 

-<:2U>J25 • 

<:21^;PHS.;: ; 

• • • ;<;23>r: SeqMjenceiArtif iciaily 

<;400>>6 

tacttaataa-: jjgt^agff^t^' tgtcg- 25 
<;2i2»: m 
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<:213>: Arabidopsts Uialiana 
<:220>: 

<;223>; Description of Artificial 
^thesized Priner Sequence 
.<;40O; 7 
. . : gracatgaat tcatgtgtta qactg 

\:V::''\ic-^ia>;;8 ■ ■ 

<;22S>; Description of Artiificial 
Synthesl2ed ' Prineir Seqwolce 

• •:-;VV;':::;<t400>:-8- 

. }^it^ . 
^>^i21^; 9 

.<;211>::28 ; / 

■„ ■ ■ , <:21$!; : Arabid<*sls tWiito^ 
..^:22d>:- ' 
<:i3S>\ De9crri»ti<i:;bfc/i^ 

^thesi'zed' maer S^qwE^ 
<:40O; 9 

: tgcttaattc tccggtaaca ttaccggc 

.. C'itMJ^«^5?t. .A||rFA^rtS)!i<o«j^tii^.. BiiTFA. . 

yl : j/o^X. Gat : h^X* Glfc ;>k^t3>^ - 



Sequ«ice: Artificial ly 



25 



SecpieiKerAi^ifi^iaily 



28 



Sequeoci^sArtificiail^^^^ 



lironic acid \^x^i/^^ . • ui u _ ^ •. — •—•i — r-. — 

(053 ^mmfiesmm^i\^^mm^\. 

(071 ©|^tacwllES»«)i5'007;«-JWi*/pt^y 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION ^.^^ 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the alteration using the 
gene which carries out the code of the cellulase Mr. protein which participates in vegetable cell 
wall composition of a vegetable cell wall component 
[0002] 

[Description of the Prior Art] Changmg a cell wall component in vegetation has important various 
meaning in the field of industry or agriculture. For example, the altwation of vegetable cell ****** 
brings about improvement in the digestion efifectiveness of fiber raw-material vegetation, such as 
pulp by raising a cellulose hemicellulose content, and a usefiil agricultural products and a forage 
crop etc., and is significant in respect of economical efficiency or profitability. Moreover, it is also 
possible to bring about the creation of raw-matdial vegetation which has new industrial value by 
structural change of the polysaccharide which is a cell wall component. 

[0003] As for con^sition of the polysaccharide component similar to a cell wall and it, bacteria, a 
fimgus, and not only vegetation but the animal is performed. Research with the molecular level of 
cell wall composition is seldom done for analysis in spite of the industrial importance. About 
research with the molecular level of vegetable cell wall composition, analysis began to be 
performed in recent years using the technique of molecular genetics. As a gene which participates 
in cell wall composition, cellulose synthetic enzyme etc. is reported until now, for example 
(T.Arioli et alMolecular analysis of cellulose biosynthesis in Arabidopsis-Scirace 279:717-720 
(1998)). however, as a gene in connection with cell wall composition It is thought that many genes 
by which isolation is not yet carried out exist It is related with cell wall conqwsition. * * - it is 
fhou^t that a strange device exists (bibliography:) [ Y.] Kawagoe and D.P Dehna:, Pathway and 
genes involved incellulose biosynthesis; Genetic engineering 19 Plenum Press and New Yoric and 
1997;K.Nishitani, Construction and Restructuring of the celhilose-xyloglucan fiamework in 
the^oplast as mediated by the xyiogjucan-related proteinfemily-A hypotheticalschOTieJ-Plant 
Res.lll:159- 166 and 1998. 

[0004] On the other hand, the cellulase is known as an enzyme which disassembles a cell wall. 
The cellulase is reported by bacteria, a fungus, slime mold, vegetation, etc. until now as an enzyme 
(Endo beta-1, 4 glucanase) which decomposes beta-1 and the polysaccharide combined four times 
(Beguin, P J^u.RevJyIicrobiol.44, 219-248.1990). From the active site distinguished. fix)m the 
hydrophobic analysis of an amino acid'sequmce, being divided into 6 or the class beyond it is 
shown. Among those, a vegetable cellulase belongs to E fiimily (Beguin, 
Pj\nnu,RevJvficrobiol.44, 219-248.1990). E family cellulases, such as bacteria, hold the typical 
cellulose joint domain, are secreted out of a cell, and can decompose crystalline cellulose. Bacteria 
etc. make the nutrient the glucose which is a degradation product 

[0005] It is said that the cellulase of a higher plant is related to tiie alteration of the own cell wall 
of a cell with growth, graerating, difiGaientiation, etc. (D J.Cosgrove, .How do plant cells extend.). 
Plant Physiol.102, 1-6, 1993. th^efore, to the cellulase of the vegetation which the cellulase 
needed to be secreted out of the cell and rq)orted until now TTie transit peptide for secretion exists 
altogethCT 0- [ Z.] Shani, MDekeU and G. Tsabary and O-Shoseyov. Plant Mol3iol.34. 837-842, 
1997. M.L.Tucker, ILSexton, E.del CampUlo and L.N.Lewis.PlantPhysiol.88: 1257-1262.1988. 
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[0006] Change of the structure of a cell wall, a property, etc. has arisen at the time of vegetation or 
differentiation. For example, composition of a new cell wall, qualification, reconstmction of the 
cell wall cariwhydrates which already exist, etc. arise, and, thereby, the magnitude of a cell, the 
form, the function, etc. change. Until now a vegetable cellulase The hemicellulose or cellulose 
which has beta-1 and 4 glucan chain as backbone is made into a target, it is suggested that it 
functions (it Wong(s) Y. -S. -) G.B.Fincherand G. A,Maclachlan.J.Biol. Chem.252, 1402- 
1407.1977. T.Hayashi, Y.-S.Wong and G.A.Maclachlan.Plant Physiol.75, 605-610, 1984. 
However, since the point [ contradictory ] of not holding the cellulose joint domain required in 
order to decompose crystdline cellulose exists, in vegetation, it is not clarified what the cellulase 
is actually functioning in label, but the knowledge in a higher plant is very scarce compared with 
cellulases, such as bacteria. 

[0007] this invention persons by the way, in the ensemble of the thale-cress processed by the 
chemistry mutation agent EMS # the configuration of a cell or an organ where the retrieval number 
66 was given foimd out the unusual mutant (the Heisei 8 thale-cress [ 8 25 days / per month / 7th ] 
workshop -) March 27, Heisei 9 The Japanese Society of Plant Physiologists annual convention in 
the 1997 fiscal year, Novanber 13, Heisei 9 The 8tii thale-cress workshop. May 3, Heisei 10 
Jqjanese Society of Plant Physiologists annual convention in the 1998 fiscal year. This mutation 
was named acwl (altered cell wall 1), and the gene leading to tiiis mutation was named ACWl 
gene. However, about ACWl gene, isolation is not yet carried out. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention makes it a technical problem to change 
a vegetable cell wall component using the gene which carries out the code of the enzyme which 
participates in vegetable cell wall composition. 
[0009] 

[Means for Solving the Problem] By using the technique of positional cloning, this invention 
persons identified a single gene leading to ACWl variation which brings about abnormalities of 
vegetable cell wall composition in vast chromosome region, and succeeded in isolating, this 
inv^tion persons determined a base sequence of ACWl isolated gene, performed data base 
retrieval of a gene relevant to this and a structure target, and found out the same gene as ACWl 
gene on a data base. This gene was charact^ized as a homologue of a secietor cellulase of 
vegetation known as a cell wall dialytic ferment until now. 

[0010] However, as a result of this invention persons' performing various analyses per cell wall 
component of acwl variant, it found out that proteiii ("ACWl protean" is called hereafter) ACWl 
gene carries out [ protein ] a code had a function in connection with composition in a surprising 
thing rather rather than disassembly of a cell wall. A report of a cellulase which participates in 
composition of a cell wall is not made until now. this invention persons found out that it was 
possible to change a vegetable cell wall con^nent by using ACWl gene Scorn a property of such 
ACWl protein. 

[001 1] This invaition relates to an alteration using a gene which carries out the code of flie 
cellulase Mr. protein which participates in vegetable cell wall composition of a vegetable cell wall 
component, and, more specifically, is (1). DNA, (a) array nxmiber which are used in order to 
change a vegetable cell-wall component and which are chosen fix)m (a[ following ]) from (d): 
DNA which carries out ibe code of the protein set to 1 from an amino acid sequence of a 
publication. 

(b) Array numba: : DNA which carries out the code of protein with which 1 or two or more amino 
acid have substitute, deletion and/, or an added amino acid sequmce, and are set to array number: 1 
from an amino acid sequence of a publication in an amino acid sequence given in 1, and the 
protein equivalent on a fimctional target 

(c) Array number : DNA which contains a coding region of a base sequence of a publication in 2. 

(d) Array number : DNA v^doich is DNA set to 2 fix)m a base sequence of a publication, and DNA 
to hybridize, and carries out the code of protein set to array number 1 from an amino acid sequmce 
of a publication, and the protein equivalmt on a fimctional target (2) DNA given in (1) whose a 
vegetable cell wall component is a glucan chain, (3) It is characterized by using DNA chosen from 
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(d) from (a) in (1). How (4) to change a vegetable cell wall component A method given in (3) 
whose a vegetable cell wall component is a glucan chain (5) By installation and a manifestation of 
DNA which are chosen from (d), fix>m (a) in (1) Transfonnation plant body with which a cell wall 
component is changed as compared with a plant body of a wild type (6) A vegetable cell wall 
component is related with a plant body given in (5) which is a glucan chain. 
[0012] 

[Embodiment of the hivention] This invention relates to use of DNA which carries out the code of 
the cellulase Mr. protein which participates in composition of flie vegetable cell wall for changing 
a vegetable cell wall component Specifically, the alteration of the cell wall component of the 
vegetation in this invention is performed by creating the transformation plant body holding DNA 
which carries out the code of the cellulase Mr. protein which participates in composition of a 
vegetable cell wall. As DNA used for the altCTation of a cell wall component, the " ACWl " gene is 
desirable. The base sequence of cDNA of the "ACWl" gene in which isolation was done by this 
invention persons is shown in array number:2, and the base sequence of genomic DNA is shown in 
array number:3. 

[0013] In the alteration of the cell wall component of the vegetation of this invention, as long as 
the code of the protein which has a function equivalent to "ACWl" protein is carried out, it is also 
possible to use DNA othCT than the "ACWl" gene. As such DNA, for example in the amino acid 
sequmce (array number 1) of "ACWr protein, 1 or two or more amino acid have substitute, 
deletion and/, or the added amino acid sequence, and DNA which carries out the code of "ACWl" 
protein and the protein equivalent on a fimctional target is mentioned. In this invention, as for 
T)eing an EQC functionally", protem points out vegetable cell wall composition and more 
specifically fimctioning in composition of a glucan chain. It can be detected again as change of 
"ACWr gene expression control or cell wall composition of the vegetation by fimctional 
inhibition of "ACWl" protein, for example, change of a cell wall con]?>onCTit, (are recording of 
amorphous glucan), and diange of an organ or a cell gestalt by the fimctional complementation 
trial by making the "ACWl" gene discover in a variant whether protein fimctions in vegetable cell 
wall composition. The artificial alteration of flie amino acid sequence of "ACWl" protein can be 
earned out using "Transfoimo- Site-directed Mutagmesis Kit" and "ExSite PCR-Based Site- 
diiected Mutagenesis Kit" (product made from Clontech), if they are variation and substitute, and 
if it is deletion, it can be carried out usmg "Quantum leap Nested Deletion Kit" (product made 
from Clontech) etc. Usually the number of alterations of amino add is less than 50 amino acid, is 
less than 30 amino acid preferably, is less than ten amino acid still more preferably, and is less 
than three amino acid still more preferably. Moreover, the variation of amino add may be 
produced also such in not only an artifidal thing but in a nature. 

[0014] fliis invention persons have found out that the substitute (tiiCTcby replaced fix)m tiie amino 
acid glycine of the 429th place to a serine) to the adenine of the base guanine of the 1355th place 
of ACWl g^e produces tonperature srasitivity variation protein (an unusual expression system is 
given under a high temperature condition altfaou^ the expression systCTi of a wild type is givoi to 
vegetation under a low temperature service) in acwl variation (example 1). In this invention, it is 
possible to also use the protein which shows a fimction equivalent to "ACWl" under a specific 
tenq)©rature m this way. Such protein is usefiil at the point which can control a function by 
temperatiire control. 

[0015] Moreover, in this invention, as long as the code of the equivalent protein is carried out to 
"ACWr protein and a fimctional target, it is also possible to use DNA of other vegetable kind 
origins yvtdch have tiie base sequence of tiie "ACWl" gene and flie base sequence which shows 
homology. Such DNA for example All or a part of base sequences of the "ACWl" gene 
Hybridization technology used as the probe 0 [ Soutiiem 1975 J.Mol.Biol.98:503, ] [ Maniatis et 
aLMolecularCloning Cold Spring ] harbor Laboratry Press - moreovCT, tiie PCR technology 0 
which made the primd" the oligonucleotide specifically hybridized in the "ACWl" gaie 
[ Shimamoto **** ] Takuji Sasaki Editorial supervision, "vegetable PCR experimmt 
protocol" (cell technology sq)arate volume, vegetable cell technology series 2) Shujunsha It can 
isolate on AprU 10, 1995 usmg issue. Saying "it is an EQC fiinctionally", protein points out 
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vegetable cell wall composition and more specifically fimctioning in composition of a glucan 
chain like tfie above. DNA obtained by hybridization technology or PGR technology usually has 
the "ACWl" gene and high homology, when canying out the code of the protein which has a 
function equivalent to "ACWl" protein, the level of the amino acid in which each DNA carries out 
a code to high homology - setting - 45% or more of homology - desirable - 60% or more of 
homology - further - desirable - 75% or more of homology - further - desirable ~ 90% or more 
of homology - 95% or more of homology is pointed out still more preferably. As vegetation other 
than the thale-cress for isolating such a gene, although a rice, com, a potato, tobacco, cotton, an 
acacia, a pine, a Japan cedar, a eucalyptus, poplar, etc. are mentioned, it is not restricted to these, 
for example. 

[0016] In ordCT to make these DNA discover by vegetable intracellular one, a manifestation 
cassette including the tmninator array containing a polyadraylation region required for 
stabilization of the DNA molecule coimected with the lower stream of a river of the promoter 
array which can be imprinted by the (i) plant cell, and the transcript connected with tfie lower 
stream of a river of this gene if needed [ (ii) ] is introduced into a plant ceU. 
[0017] A manifestation cassette may contain the promoter for making DNA inserted discover 
constantly or inductively. As a promoter for making it constantly discovered, 35S promoter (Odell 
et al.l985 Nature 313:810) of a cauliflower mosaic virus, the actin promoter (Zhang et al.l991 
PlantCell 3:1155) of a rice, the ubiquitin promoter (Comejo et al.l993 Plant MolJBioL23:567) of 
com, etc. are motioned, for example. Moreover, the promoter by whom it is known as a promoter 
for making it inductively discovered that it will be discovered with external causes, such as 
infection of mold and a bacterial virus, invasion, low temp^ature, an elevated tempoature, 
desiccation, an exposure of ultraviolet rays, and spraying of a specific corc^ound, for example is 
mentioned. As such a promoter, for example By infection and invasion of mold and a bact^al 
virus Discovered promoter (Xu et al. 1996 Plant Mol.Biel.30:387) of a rice chitinase gene and 
piomotor of PR protem gme of tobacco (Ohshima et al.l990 Plant Cell 2:95), The promoter of the 
"lipl9" gene of the rice guided by low temp^ature (Aguan et al.l993 MoLGen Genet,240:l), The 
promoter of the "hspSO" gene of a rice, and the •Tisp72" gene guided according to an elevated 
ten^jerature (Van Breusegem et al.l994 Planta 193:57), The piomotor of the "rabl6" gene of the 
thale-ciess guided by desiccation (Nundy et aL1990 Pn)c.NatlAcad.Sci.USA 87:1406), The 
piomotor of the chalcone synthetic enzyme gene of the parsley guided by the exposure of 
ultraviolet rays (Schulze-Lefert ^ al.l989 EMBO J-8:651), The promoter (Walko- et al.l987 
ProcJ^atl Acad.Sci.USA 84:6624) of the alcohol dehydrogCTase gene of the com guided by the 
anaerobic condition etc. is mentioned. Moreover, "rabl6" is guided by spraying of the abscisic acid 
of plant hormone with the compound of specification [ the promoter of a rice chitinase gme, and 
the piomotor of PR protein gene of tobacco ], such as a salicylic acid 

[0018] There is especially no limit as a plant cell into which a manifestation cassette is introduced. 
The cell of the plant body which desires to change a cell wall component can be used. For 
example, cells, such as thale-cress, a rice, com, a potato, tobacco, cotton, an acacia, a pine, a Jspm 
cedar, a eucalyptus, and poplar, are mentioned. As a plant cell into which a manifestation cassette 
is introduced, the cell in a plant body besides a cultured cell is also contained Moreover, a 
protoplast, a shoot germ, many blastemas, and a capillaiy root are also contained. Ihstallatien of 
the vector to a plant cell For example, the introductory method using Agrobacterium (Heed et 
aL1993 Transgenic Res.2:218, Hiei et al.l994 Plant J.6-.271), The electroporatien method (Tada 
etal.1990 Theor.Appl.Genet 80:475), The polyeth>dene-glycol mefliod (Lazzeriet al.l991 
Theor JVppLG^et 81 :437), It is possible to use well-known various methods for tiiese contractors, 
such as the party Kurgan method (Sanford etal.1987 J J>artSci.tech.5:27). 
[0019] The plant cell by which the transfoimation was carried out can create a plant body by 
making it r^roduce. Althou^ the r^ioductive m^od changes wifli classes of plant cell For 
example, if it is a rice, Fujimura's and others (Plant Tissue Culture Lett.2:74 (1995)) method will 
be mentioned. If it is com, Shillito's and others (Bio/Technology 7:581 (1989)) method and 
Goiden-Kamm (Plant Cell 2:603 (1990)) and others will be m^^tioned If it is a potato, Visser's 
and others (Theor^pLGenrt 78:594 (1989)) method will be mentioned If it is tobacco, flie 
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method of Nagata and Takebe (Planta 99: 12 (1971)) will be mentioned, and if it is thale-cress, 
Akama's and othera (Plant Cell Reports 12:7-1 1 (1992)) method wUl be mentioned. As compared 
with ttie plant body of a wild type, the manifestation of the protein of this invention changes and, 
thereby, as for the plant body which could be obtained from the plant body created by this or its 
propagation data medium (for example, a seed, a tuber, etc.), a cell wall component is 
changed. As "an alteration of a cell wall component", the quantitative alteration of a cell wall 
component, a qualitative shift, and change of a cell gestalt are mcluded. As a cell wall component, 
it is a glucan chain preferably. The alteration of a glucan chain mcludes adjustment (there are for 
example, a conifer mold, a broad-leaved tree mold, the Dicotyledon mold, and a single cotyledon 
mold in the polymerization degree of glucan) of the polymerization degree (the number of the 
sugar which is carrying out the polymerization) of glucan, and adjustment of degree of crystalUnity 
(glucan is the size of Ae fiber bundled and formed and is flie determinant of fiber reinforcement). 
[0020] The alteration of the cell wall component in vegetation has many advantages. The 
increment in a cell wall component can bring about the increment in fiber Hara, such as an 
increment in a vegetable amount of growth, and pulp, and the qualitative shift of a cell wall 
component can bring about developmmt of new materials and the increment in the digestion 
effectiveness of a forage crop. Moreover, applying change of a cell gestalt to the creation of the 
vegetation for appreciation which has new aesthetic value is also considered. 
[0021] 

[Example] Although an example explains this invention fiirther below at details, this mvention is 
not restricted to these examples. In addition, the method required for general gene recombination, 
such as cutting of DNA, connection, a transformation of Escherichia coli, base sequmce 
detOTmnation of a gene, and hybridization, followed in the description attached to the reagent of 
marketing used for each actuation, the machine, etc., and an experiment document (for exanq)le, 
"Molecular cloning" (Maniatis T.et al.Cold Spring Harbor Laboratory Press)) fundamentally. 
Moreover, training using tiie agar medium and soil of thale-cress, mating, and preparation of 
genomic DNA followed in an ejq)eriment document (for example, "experiment protocol of model 
vegetation (Shujunsha)") fimdam^tally. 

[0022] [Example 1] hi order to determine the location on isolation **** of ACWl gene, and the 
chromosome of ACWl gene, it mapped by using a molecule marker. Smce acwl (altered cell wall 
1) variant was found but m the colon BIAE cotype of tihale-cress, it crosses the run ZUBAGU 
EREKUTA kind which is another EKOTAIPU to this variant, gafliers the seeds of a next- 
SSDiaa&on seed to it, made it grow it, carried out inbreeding, and obtained the F2 generation seed. 
This F2 genaation seed was budded and genomic DNA was extracted fix)m the raised vegetation 
(830 individuals). The recombination value was computed for "215 ^ch produced these genomic 
DNA thtanselves as a marker, 2,2", "miP 5-9, and 1 . 1" by the PGR method to this genomic DNA 
using each. Specifically compounded "215, two kinds of PGR primers "array numben4/5- 
TCAAATAGATATATGTAATATGTTTCGC-3" which can amplify 2.2", and "array number.5/5- 
CAATAAATAATTATACAAAACTTTCAAG-3", F2 generation genomic DNA was made to 
amplify using the PGR method using these, and it investigated by agarose electrophoresis. With 
this molecule maricer, in ordo- to show a band m 1 10bp(s), when it calculated based on this to 
diem, as for the run ZUBAGU kind, between ACWl grae and this marker, recombination was 
accq)ted m 1 12bp(s) by than in one chromosome, as for tihie Colombia kind Next, compounded 
"miP 5-9, two kinds of PGR primers "array number6/5- 

TAGTTAATAAAGTAGGATAATGTGG-3" which can ampUfy 1.1", and "array numb€T:7/5- 
GAAGATGAATTGATGTGTTAGACTG-3", F2 generation genomic DNA was made to amplify 
using the PGR method using these, and it investigated by agarose electrophoresis. With this 
molecule marker, since it was known tiiat a band is shown, when it calculated based on this to 
91bp(s), as for the run ZUBAGU kind, betweai AGWl gene and this maikw, recombmation was 
accq>ted in 87bp(s) by them in one chromosome, as for the Colombia kind. 
[0023] Facing across the field on the chromosome which contains ACTWl gene as mentioned 
above with two molecule maricers of "215, 2.2", "miP 5-9, and 1.1" was checked. Then, it decided 
to isolate the genome DNA fiagment which contains each for molecule maricCT "215, 2.2", "miP 5- 
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9, and l.r, and to advance gene isolation. The genomic DNA library (about 10000 clones) which 
consists of genomic DNA of the thale-cress Colombia kind of 60-90kbp specifically "215, 2.2", 
"miP 5-9 and 1.1" are screened as a probe. With "215 and a 2.2" probe three clones (it was named 
TAC6M17, 12J22, and 13F4) Two clones (it was named TAG 15E4 and 9P8) were obtained with 
"miP 5-9 and a 1.1" probe. The DNA Augment (about 600b) by the side of "left" of "TAG 
15E4" ("21 5, 2.2" side) (this fiagment is called "15E4-L") was isolated using the TAEL-PGR 
method (vegetable PGR experiment protocol (Shujunsha)). Under the present circumstances, LI, 
L2, L3, and AD2 were used for the TAIL-PCR method as a primer. Two kinds of PGR primer 
"array numbers which can amplify "15E4-L" based on the base sequence of the isolated DNA 
fragment : 8/5-GGTTATAAATGGGTATAAAGGTATGAGG-3", "array number : 9/5- 
TGGTTAATTGTGCGGTAAGATTAGGGGG-3" is compounded. The genomic DNA of a run 
ZUB AGU kind and flie Golombia kind is m^ to amplify using the PGR method using these. 
When the base sequence was decoded, by the run ZUB AGU species, from the primer (array 
number: 8), it was admitted that the base sequence of the 96th place was T by the Colombia 
species at G, and it became clear that this DNA fragment could be used as a molecule marker. 
Then, when the distance of ACWl gene and this new marker was con5)uted with the F2 above- 
maitioned vegetation^ recombination was not seen between 1660 chromosomes. 
[0024] Since the TAG genomic DNA library was produced by the vector (TAG vector) which can 
cany out transgenics of the inserted DNA fragment to violation throu^ Agrobacterium directly, 
it carried out transgenics of TAG6M17 and 12J22 to acwl variant using the hypocotyl callus 
transformation method. "Hypocotyl callus transformation KazuhitoAkama, Hideaki Shiraishi, 
Shozo Ohta, Kenzo Nakamura, and Kiyotaka Okada and Yoshiro Shimura; Efficient 
transformation of Arabidopas thaliana: comparison of theefficiencies with various According to 
the method of of organs, plant ecotypes and Agrobacterium strains", and "Plant Gell Reports 12:7 
(1992)-11", 90 shares of MPs were used as AGURO bacteria. As a result, phenotype was 
recovCTcd to the wild tjpe by two mdividual. That is, an ACW gene will be contained to the field 
to which the genome DNA fragment contained in these "TAG6M17" and "12J22" clone overlaps. 
[0025] Then, the base sequence of the DNA fragment of this field was decoded. It was expected 
between "215, and a 1.1" marker and the above-mentioned DNA field that four gmes exist Then, 
when the base sequaice of the wild type of these four virtual genes was compared about acwl 
variant, it became clear fliat mutation had arisen m the gene field equivalent to cDNA (re^stration 
number U37702) registered as a cellulase homologue. In these four genes, since the variation of a. 
base sequence was acc^ted only for the cellulase homologue in acwl variant, it became clear that 
this gene was AGWl gme. 

[0026] The five introns w^e contained when the overall length cDNA of AGWl gene was isolated 
from lambdaZAPHcDNA libiary (STRATAGENE), Homology was looked at by the cellulase 
when the amino acid sequence by which a code is carried out &om a gene was analyzed Generally, 
although a vegetable cellulase has the features, such as having a signal sequence without the 
cellulose joint domain which the cellulase of a fimgus has for being secreted out of a fihn, it is not 
shown clearly what is made in label by in vivo one. It is thought that the product of AGWl gene is 
also working as a cellulase. howevCT, a new family which is difiGsrent Scorn other cellulases from 
the features, such as having ** film pmetration domain where ** molecular weight does not have 
large (ACWl is 69kD(s) and otha: most are about 54 kD degrees) ** signal sequence, and where a 
charge amino acid field exists in ** amino terminal side, — a group — then, it thinks. 
[0027] [fecample 2] Sterile seeding was carried out to histochemistiy-analysis 1 / 2B5 culture 
medium of acwl variant, tiie root on the 7th and the bottorn hypocotyl were cut oft and these 
samples were fixed at 4 degrees G in 3% glutaralddiyde liquid. The sample was washed by the 
phosphoric-acid buffer (pH7.0) (2-4 degrees G). In addition, the buffa was rq)laced 4 to 6 times at 
intCTvals of 10 - 20 minutes. Subsequently, it fixed with Os04.3% KMn04 liquid 1% for 1 to 2 
hours, and washed by the account phoq)horic-acid buflfer of Gokami. It dehydrated by dipping a 
sample in alcohoUc series (30, 50, 70, 90, 99.5, 99.5, 99.5% ethanol) for each 10 - 20 minutes. The 
sample was dipped in propylene oxide 4 times at intervals of 20 minutes, subsequently to an epoxy 
resin (Quetol 812) was dipped for 3 to 6 hours, and was made to permeate. The sample was paid to 
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the mold for OTibedding and the resin for embeddmg which added tiie epoxy resin (Quetol 812), 
the curing agent (DDSA), and the accelerating agent (DMP-30) was poured out Subsequently to in 
60-degree C humidistat, subsequently, it put into 45-degree C humidistat into 35-degree C 
humidistat on the 1st on the 1st on the 1st. It put for several days to one week into [ after checking 
sufficient hardening ] 45-degree C humidistat The 0.1 -micrometer ultrathin section sample was 
produced for the sample with ejection and the microtome for electron microscopes from the mold. 
After dyeing this ultrathin section sample by uranyl acetate citric-acid lead dyeing or PATAg, it 
was observed with flie transmission electron microscope (the form©: has the operation which dyes 
sugar witti the amorphous latter for amorphous polysaccharides, such as a hemicellulose and 
pectin). 

[0028] the result of the histochemistry-analysis by this electron microscope - the excavation of 
acwl variant - are recording of amorphous glucan accepts in uranyl acetate citric-acid lead dyeing 
in a piece --having had ( drawing I B and Q-- it did not accept in a wild type (drawmg 1 A). The 
same result was obtained also in the bottom hypocotyl intercept ( drawing 2 ). Moreover, in 
PATAg dyeing in a root intercept, are recording of amorphous glucan was similarly accepted only 
in acwl variant ( drawing 3 ). The glucan of these amorphous nature is transferred to a glucan 
chain longer than origmal, and is crystallized. Since amorphous glucan was being accumulated, it 
was thought that an ACWl cellulase gene was a new cellulase wifli glucan transition activity. 
Although it was the cellulase of the higher plant only the function of decomposition activity has 
been expected to be conveationally, it was proved that ACWl gene product has a fimction in 
connection with composition rather than disassembly of a cell wall. Such a cellulase sets ACWl 
gene and thm is no other example of a report. . 

[0029] pExaiiq>le 3] After making it grow for two weeks at 21 degrees C of analysis of an acwl 
cell-wall component, the cell wall component of a terrestrial part of acwl variant grown for two 
weeks at 31 degrees C was investigated. Preparation of the cell wall rou^ purification sample for 
cell wall conq)onOTt analysis followed Zablackis's and others mefliod (Zablackis et al. Plant 
Physiol, 107, 1 129-1 138 (1995)). First, the vegetation frozen in liquid nitrogen was mashed with 
the mortar, tiie phosphdric-acid buffer (pH7.0) was added, and this was moved to the centrifugal 
tube with flie pipet After crushing by the poly TRON (ISOrpm, 45 seconds, and 3 times), it carried 
out centrifugal (9,500rpm, 10 minutes, and four degrees Q. Supernatant liquid was thrown away, 
the phosphoric-acid buffer was added, and it performed above crushing and centrifugal one agaiiL 
This was repealed once again (a total of 3 times). In order to wash precipitate, it added and carried 
out centrifugal [ of distilled wat^ ] (9,500rpm, 10 minutes, and four degrees Q. This was 
performed a total of 4 times. Ethanol was added 70%, and it suspended well, and placed overnight 
(4 degrees C). Centrifugal was carried out, and after recovery, chloroform / methanol (1 :1) liquid 
was added and it agitated with flie stirrer (30 minutes). Centrifugal (9,500rpni, 15-minute, and four 
degrees C) backward supernatant Uquid was thrown away, and chloroform / methanol (1:1) extract 
was performed once again. These chloroform / methanol (1 : 1) extracts carried out concentration 
hardening by drymg by the concentration ev^orator (this was used for the fhin-layer 
chromatography of an exan^le 5 etc.). A phenol / acetic acid / water (2:1:1) was added to the 
precipitate sfbsr centrifugal recovery, and with the stirrer, at the room temperature, it agitated for 1 
hour and canried out cOTtrifiigal (9,500rpni, 15minL4 degree C). After repeating this once again, 
ethanol was added 1 00%, and it washed and carried out cCTtrifiigal. After distilled watCT 
furftermore washed twice, amylase processing (O.IM phosphoric-acid buffer + alpha-amylase five 
drops of 2mg/ml (Sigma) Aspergillus oryzae origin + tolurae) was performed for 48 hours, 
shaking gently. Supernatant liquid was toown away after centrifugal and distilled wat^ washed 5 
times. Precipitate finally collected was made into Ae cell wall rough purification sample. This was 
saved at -80 degrees C, the complraient was thawed, and it used for analysis. 
[0030] The sugar quantum was performed usmg tiiis sample. First, the prepared cell wall sample 
was made to with a suitable amount 5mg was measured to the glass tube, 2.5ml 

(TFA) (0.5ml TEA/ Img cell wall) of trifluoroacetic add of 2M was added, it incubated at 121 
degrees C all over the oil bath for 1 hour, and amorphous sugar was hydrolyzed. After cooling 
naturally to a room tonperature, centrifugal (5, OOrpm, 10 minutes, and desk centriftige) was 
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carried out, and it divided into supernatant liquid and **** (precipitate). Centrifugal [ of distilled 
water ] was added and carried out to ****, supernatant liquid was taken, and it added to the 
supernatant liquid extracted previously. After supOTiatant liquid hardened by drying, it was melted 
to 1ml of distilled water, and performed the sugar quantum. 72%H2S04 was added to and it 
put at the room temperature for 2 hours. It agitated gently on the way and melted. It diluted with 
distilled water 35 times, and in the boiUng water, it boiled for 2 hours and hydrolyzed completely. 
It placed after voile and into ice, and cooled, the scalpel rise was carried out by flie measuring 
cylinder, and the sugar quantum was performed A sugar quantum is a phenol sulfuric-acid method 
about toral sugar, and performed the amount of uronic acid by the m-hydroxy biphenyl method. 
[003 1] The result is shown in drawing 4 . In the TFA soluble fraction, the amount (1790. 0**86.4 
nmol/mg cell wall) of the glucose of acwl variant was almost the same as wt (wild type) (1907. 
6**158.4 nmol/mg cell wall). However, at a TFA insoluble fraction, there were few amounts 
(436.7**20.0 nmol/mg cell wall) of the glucose of acwl variant than wt (1342. 5**31.5 nmol/mg 
cell wall). A thing insoluble to TFA is crystalline cellulose. Therefore, the glucose of a TFA 
insoluble fraction is the cellulose origin. It was shown by acwl variant from this result that the 
cellulose is decreasing. There wctc more rhamnoses of acwl variant and amounts (they are 
145.7**7.0 and 659.6**31.7 nmol/mg, respectively cell wall) of uxonic acid than wt (90.3**7.5 
and 441.6**9.7 nmol/mg cell wall 1). Since there were much rhamnose and uronic acid, it was 
suggested tihat pectin (Rhamnogalacturonan) is increasing. As for change of the dye afl&rity seen 
by electron microscope observation, the increment in pectin is considered to be tiie cause. As for 
the amorphous polysaccharide' decomposed by TFA, the increment in pectin was suggested, and 
also there was especially no change. 

[0032] [Example 4] The result of obsovation by the electron microscope of cellulose fiber of the 
cell wall of the observation wt and acwl of cellulose fiber is shown in drawing 5 . The residue 
after hydrolyzing the cell wall sample prq)ared in the example 3 by 2M TFA was observed with 
the electron microscope. Since amorphous polysaccharides, such as pectin and a hemiceUulose, are 
decomposed by 2MTFA processiug, most residues are crystalline cellulose. The fiber width efface 
of wt was about 3.0nm. That of acwl is about 2.4nm, and was thin rather than wt When strong 
acid processing is carried out, microfibril may swell, or cellulose fiber becomes a bundi, becomes 
very thick, and may be observed ( drawing 5 , arrow head). It is thought that many things which 
are bunches by wt (17nm) were observed because [ of strong acid processing ]. However, what is a 
bunch was seldom obsorved in acwl which carried out same processing. Moreover, the size was 
also about 12mrL Although it could not say that the condition native in microfibril was observed 
for strong acid processing, flie ^Screace had znsGa in the condition of the microfibril after 
processing. This is consid^ied to reflect the difference in the propaty of the original microfibril of 
wtandacwl. 

[0033] a cellulose - straight chain-like beta- 1 and 4 Glucan is crystallized [ it is bundled and ] 
and nude. Therefore, polymerization degree is known if the molecular wei^t is investigated. 
Then, next, in order to analyze the polymerization degree of a cellulose, the molecular weigjit was 
measured by gel filtration analysis. The cellulose sample used for measurement was prepared by 
Edashige's and others method (Edashige et al, Holzforshung, 49, 197-202 (1995)). It is a suitable 
quantity of a cell wall rough purification san^le 0.05M CDTA, 0.05M Na2C03, IN KOH, 4N 
KOH, and 4M KOH+3% Each liquid of aborate extracted sequrafially. **** (crystalline 
cellulose) was nitrated with the fiiming-nitric-acid + phosphorus oxide (V) liquid prq)ared 
beforehand. Suction filtration was carried out, reactants (nitrocellulose) were collected, and it 
washed in iced water. Suction filtration was carried out again, samples were collected, a Uttle 
water was added, and it boiled li^tly. It was made to dry at 60 degrees C after suction filtration 
fiirthCTiore. For gel filtration analysis, the sample was melted to the tetrahydrofiiran and 50microl 
injection of was done by the syringe. Shimadzu LC-6A was used for the colunm. 
[0034] Consequentiy, by wt, as for the polymerization degree (D. P.: degrees of polymOTzation) of 
microfibril, distribution was found in the large range of 5,000 fiom hundreds ( drawing 6 ), and the 
avCTage was about 1,000. However, distribution is very narrow, acwl was seen at about 1 peak, 
and die av^age was about 5,000. 
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[0035] It was shown that ACWl gene is a gene indispensable to cellulose synthase, and an 
amount, the quality (fiber width of face, polymerization-degree etc.), etc. of a cellulose change 
with the variation of this gene finom the above fact 

[0036] [Example 5] After processing the analysis chloroform / methanol fraction of chloroform / 
methanol extract layer by 2M TFA, it was analyzed with thin-layer chromatogr^hy (TLC) 
( drawing? ). In thm-lay^ chromatography, first, 2M TFA was incubated at 121 degree C of 
suitable for 1 hour to the chloroform / methanol extract layer which was prepared in the 

example 3 and which made it harden by drying, and this was hydrolyzed to it Distilled water and 
chloroform could be added and it agitated, and centrifugal was carried out, and processing Uquid is 
made to harden by drying and it hardened [ supernatant hquid (water laya*) was taken and ] by 
drying. Again, spreading of the suitable ****** part was carried out to the silica plate for thin- 
layer chromatogr^hy by the syringe, and distill^ water was developed with the solvent (n- 
butanol / pyridine / distilled water = 8:5:4). The plate was dried after expansion, the spray of the 
sulfiiric acid was carried out, and it incubated with the hot plate, WhOT the spot of sugar appeared 
black (development), it took down and cooled naturally from the hot plate. 
[0037] The spot of a galactose was observed for wt and acwl as a result of this analysis ( drawing 
7 lanes 3 and 4). This is considered to be the thing of the galactose-Upid origin which constitutes 
chloroplast membrane. In acwl, the spot of a glucose was also observed clearly ( drawing? rain 4 
arrow head). In wt, it was unobservable. 

[0038] Moreover, in order to analyze the component of an extract, gas-chromatography analysis by 
the ARUDI toll acetate process was performed. A part of chloroform / methanol extract of an 
exanq>le 3 were made to harden by drying, and it melted in 250micro of sodium-borohydride 
(inside of 1 Omg [ // ml ] and NH40H) liquid 1, and incubated at the room temperature for 1 hour. 
250microl After adding 2 or 3 drops of acetic acids, the acetic acid/methanol (1:9) was added. It 
was made to harden by drying with sli^t warmth with a water bath (40 degrees C). This was 
performed a total of 4 times. The methanol was 250microl Added and was made to harden by 
drying similarly fiirtfaocmore. This was also performed a total of 4 times. SOmicro of acetic 
anhydrides 1 and pyridine 50microl w^ added to the sample which hardened by drying, and all 
over the oil bath, at 121 degrees C, it incubated for 20 minutes and acetylated. Processing which " 
adds toluene 200micn)l and is made to harden by drying was performed twice after cooling. And it 
was easy to add dichloromethane SOOmicrol and SOOmicro of distilled water 1, it agitated and 
carried out centrifugal, the lower layer (dichloromethane layer) was taken, and it was made to 
harden by drying. It melted to a suitable quantity of the acetone, and applied to the gas 
chromatography (Shimadzu GC14A SP233 column). 

[0039] A TFA meltable layer should just process the sanq)le which hardened by dtying by tiiie 
above-mentioned method The TFA (sulfiiric-acid hydrolysis) sanq)le used for processing 
what was cond^ised, after neutralizing by Ba (0H)2. 

[0040] Most of the sugar m an extract were a galactose and a glucose as a result of gas- 
chromatography analysis, wt is a galactose as a result of investigating a galactose and a glucose 
mole ratio. 88.9 mols (%), (%), glucose 1 1 . Imol, and acwl are a galactose. 70.0 mols (%), It was 
glucose 30.0mol (%). The amount of glucoses of acwl had mcreased about 3 times in tiie mole 
ratio compared witii wt 

[0041] It is expected that the glucose which is increasing by chloroform / methanol fraction is 
glucan. Then, molecular weight distribution were perfonnai in gel-permeation-chromatography 
(GPQ analysis, wt and acwl — aftCT saponifying each chloroform / methanol fraction by NaOH, it 
was analyzed. 

[0042] Consequentiy, the peak at which both are equivalent to 1, 3, 4, and 6 sugar was acquired. 
The area ratios of each peak of wt were 14.8%, 28.4%, and 20.7% 36.1%. Hie area ratios of each 
peak of acwl were 15.2%, 30.0%, and 27.9% 26.9%. hi acwl, the amount of 3, 4, and 6 sugar was 
in^isasing compared with wt The inaement in 6 sugar was 7.2% most mostly. Subsequentiy, it 
was 1.6% with 4 sugar. It was e?q)ected that the glucose which is increasing exists as an 
oligosaccharide of 4 and 6 sugar. 

[0043] ThCT, the joint format of the oligosaccharide of the glucose expected next was investigated 
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With the methylation analysis method. They are a suitable amount, and DMSO about a cell 
wall rough purification sample. 0.5ml was added. It agitated at the room temperature for 2 hours, 
and 4 M Na-DMSO was added and it agitated for furtha: 2 hours, reaction mixture - the powder 
of a triphenyhnethane color -- Uttle ****** - it checked becoming red, SOmicro [ of methyl 
iodides ] 1 was added among ice, and it agitated for 1 hour. Then, 0.5ml of distilled watCT was 
added and nitrogen gas was blown. Reaction mixture was q>plied to Sep-Pak C-18 column, 100%, 
and purification liquid was made to harden by drying at a room temperature. [ acetonitrile 2ml and 
1 00% ethanol 4ml ] 2M TFA was 250microl Added, hydrolyzed at 12 1 degrees C for 1 hour, 
reaction mixture was made to harden by drying, isopropanol SOOmicrol was added, and it hardened 
by drying again. After adding 95% ettianol 220niicrol and NaBD4(inside of NH40H) 200microl to 
the pan and making it react at a room temperature for 1 hour, 2 or 3 drops of acetic acids are 
dropped to reaction mixture, and the acetic-acid methanol was 250microl Added and it was made 
to harden by drying. This processing was rq>eated fiirther 4 times. The processing which adds 
methanol 250microl and is made to harden by drying was repeated 3 times. Next, the acetic 
anhydride was 50microl Added, the reaction (acetylation) was carried out at 121 degrees C for 3 
hours, and SOOmicro of distilled water 1 was added after cooling to a room temperature, and in 
addition, it 500niicrol Was still easier to add dichloromethane, and mixed until air bubbles stopped 
having come out of Na2C03. Centrifiigal is carried out at a low speed, and the dichloromethane 
layer was taken and it was made to harden by drying. It melted to a suitable quantity of the 
• ac^one, and a gas chromatography/mass analysis (GC-MS) was performed. Shimadzu QP-2000A 
and JEOL JMS-DX303 were used for a gas chromatography/mass analysis. 
[0044] Consequently, as for the galactose, tmninal association, 2-associatioii, 3-association, 4- 
assodatibn, and 6-association were detected. On the otiier hand, as for the glucose, only terminal 
association and 4-association were detected, the extract which carried out alkali saponification - 
beta- 1 and 4 If it processes by the glucanase, a glucose monosaccharide will come out (data is not 
shown). By acwl variant, it became clear fix>m the above result that chloroform / methanol fiiaction 
has more beta-1 and oligosaccharides combined four times than wt (about 3 times), and the 
glucose is being accumulated. 

[0045] Thereby, it was shown clearly for tiie first time that what the glucose combined [ the lipid 
etc. ] witti beta-1 and the oli^saccharide combined four times fiirther s^ed as a substrate of 
cellulose synthase. 
[0046] 

[Effect of flie Invration] Use of DNA which carries out tiie code of the cellulase Mr. protein for 
changing a vegetable cell wall componmt by this invention was offered. Since the alteration of a 
vegetable cell wall can bring about the creation of the vegetation for appreciation which has the 
new aesthetic value by change of the cell gestalt accompanying the increment in the supply 
effectivmess of fiber raw-material vegetation, such as pulp, development of the new materials by 
cell-wall conq)osition control, the increment in the usefiil component of agricultural products, the 
iQCTement in tiie digestion effectiveness of a forage crop, the increment in the amount of growth of 
die vegetation by cell-wall composite-quantity increase, and the alteration of a cell-wall 
component, it is usefiil in the field of agriculture 
[0047] 

[Layout Table] 

SEQUENCE-LISTING<110> Oji Paper Co.J^d. Kazusa-DNA-Research Institute<120> Method 
of modiftdng plant cell-wall-componCTts<130> M2-005DP2<140xl4lxl50> JP 10- 
166174<151> 1998-5-29<160> 9 <170> Patentlh Ver. 2.0<210> [1 ] <211> 621<212> PRT 
<213> Arabidopsis thaliana <400> 1 Met Tyr Gly Arg Asp Pro Trp Gly Gly Pro Leu Glu He Asn 
ThrAlal 5 10 15 Asp Ser Ala Thr Asp Asp Asp ArgSo- Arg Asn Leu Asn Asp Leu Asp 20 25 30 
Arg Ala Ala Leu S er Arg Pro Leu Asp Glu Thr Ghi Ghi S er Trp Leu 3 5 40 45 Leu Gly Pro Thr 
GluGtoLysLysLysLysTyrValAspLeuGlyCys50 55 60 lie IleVal Ser Arg Lys lie Phe Val 
Trp Thr Val Gly Thr Leu Val 65 70 75 80 Ala Ala Ala LeuLeu Ala Gly Phe lie Thr Leu lie Val 
Lys Thr Val 85 90 95Pro ArgHisffisProLysThrProProProAsp AsnTyrThrfieAlalOO 105 
1 1 0 Leu HisLys Ala Leu LysPhe Phe Asn Ala Gin Lys Ser Gly Lys Leu 1 1 5 1 20 1 25 Pro Lys His 
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Asn Asn Val SerTrp Arg Gly Asn Ser Gly Uu Gin Asp 130 135 140 Gly Lys Gly Glu Thr Gly Ser 
Phe Tyr Lys Asp Leu Val Gly Gly Tyr 145 150155 160 Tyr Asp Ala Gly Asp Ala He Lys Phe Asn - 
Phe Pro Met Ala Tyr Ala 165 170 175 Met Thr Met Leu Ser Trp Ser Val Ee Glu Tyr Ser Ala Lys 
Tyr Glu 180 185 190 Ala Ala Gly Glu Uu Thr ffis Val Lys Glu Leu He Lys Trp Gly Thr 195 200 
205 Asp Tyr Phe Leu Lys Thr Phe Asn Ser Thr Ala Asp Ser He Asp Asp 210 215 220 Leu-Val- 
Ser-Gln-Val Gly Ser Gly Asn Thr-Asp-Asp-Gly-Asn-Thr Asp 225 230 235 240Pro Asn Asp His 
Tyr Cys Trp Met Arg Pro Glu Asp Met Asp-Tyr-Lys 245 250255 Aig Pro Val Thr Thr Cys Asn 
Gly Gly Cys Ser Asp Leu Ala Ala Glu 260 265 270 Met Ala Ala Ala Leu Ala Ser Ala Ser He Val 
Phe Lys Asp Asn Lys 275 280 285 Glu Tyr Ser Lys Lys Leu Val ffis Gly Ala Lys Val Val Tyr Ghi 
Phe 290 295 300 Gly Arg Thr Arg Arg Gly Arg Tyr Ser Ala Gly Thr Ala Glu Ser Ser 305 3 10 3 1 5 
320 Lys Phe Tyr Asn Ser Ser Met Tyr TrpAsp Glu Phefle Trp Gly Gly 325 330 335 Ala TipMet 
Tyr TyrAla Thr Gly Asn Val Thr Tyr Leu Asn Leu He 340 345 350 Thr Ghi Pro ThrMet AlaLys 
ffis Ala Gly Ala Phe Trp Gly Gly Pro 355 360 365 Tyr Tyr Gly Val Phe Ser TipAsp Asn Lys Leu 
Ala Gly Ala Ghi Leu 370 375 380 LeuLeu Ser ArgLwiArg Leu Phe Leu Ser Pro Gly Tyr Pro Tyr 
Glu 385 390 395 400 Glu He Leu ArgThr Phe ffis AsnGhi Thr Ser He Val Met Cys Ser 405 410 
41 5 Tyr Leu Pro He Phe Asn Lys Phe Asn Arg Thr Asn Gly Gly Leu He 420 425 430 Glu Leu Asn 
ffis GlyAlaPro GlnPro Leu Ghi Tyr Ser Val Asn Ala 435 440445 AlaPheLeu Ala Thr Leu Tyr Ser 
Asp Tyr Leu Asp Ala Ala Asp Thr 450 455 460 ProGly Trp Tyr Cys Gly Pro Asn Phe Tyr Ser Thr 
Ser Val Uu Arg 465 470 475 480 Asp Phe Ala Aig Ser GtoDe Asp Tyr De Uu Gly Lys Asn Pro 
Arg 485 490 495 Lys Met Ser Tyr Val Val Gly Phe GlyThr Lys Tyr Pro Arg ffis Val 500 505 510 
ffis ffis Arg Gly Ala Ser lie Pro Lys Asn Lys Val Lys Tyr Asn Cys 515 520 525 Lys-Gly-Gly-Tip- 
Lys Tip Arg Aq) Ser Lys-Lys-Pro-Asn-Pio-Asn-Thr 530 535 540 De-Glu-Gly-Ala-Met Val Ala 
Gly Pro Asp-Lys-Arg-Asp-Gly-Tyr Arg 545 550 555 560 Asp Val Arg Met Asn Tyr Asn Tyr Thr 
Glu Pro Thr Uu Ala Gly Asn 565570 575 Ala Gly Leu Val Ala Ala Uu Val Ala Uu Ser Gly Glu 
Glu Glu Ala 580 585 590 Thr Gly Lys He Asp Lys Asn Thr lie Phe Ser Ala Val Pro Pro Lax 595 
600 605 Phe Pro Thr Pro Pro Pro Pro Pro Ala Pro Tip Lys Pro 610 615 620 <210> 2 <2ll> 
2257<212> DNA<213> Arabidopsis thaUana <220> <221> CDS <222> (71) .. (1933) <400> 2 
gcacgagato tgatcccaaa cctttgattc attgt^^tg ttctctgctg ctttatcaga 60 gagcatcatc atg tac gga aga gat cca 
^ gga ggt cca ttg gag ata 1 09 Met Tyr GlyArg Asp Pro Tip Gly Gly Pro Leu Glu He 1 5 10 aac 
act gca gat tec gcc acc gac gat gat cgt agt egg aat tta aac 157 Asn Thr Ala Asp Ser Ala Thr Asp 
Asp Asp Arg Ser AiB Asn Uu Asn 1 5 20 25 gat ttg gat cgt gcg get ctt tea cgt ccacta gat gag acg 
cageag205 AspUuAsp ArgAIaAlaUuSCTAigProLaiAspGluThrGlnGhiSO 35 40 
45agt^ tta ctt ^ cca acg gag cag aag aag aag aag tac gtc gat 253 Ser Tip Leu Uu Gly Pro Thr 
Glu Ghi Lys Lys Lys Lys Tyr Val A^ 50 55 60 etc ggt tgt att atcgtt age cgc aag ate ttc gtc tggact 
gtt ggt 301 Leu Gly Cys He He Val Ser Aig Lys He Phe Val Tip Thr Val Gly 65 70 75 act cttgtt gcc 
gcc gcg tta etc ^ ffia th5 att acc ttg ate gtt 349 Thr Leu Val Ala Ala Ala Uu Leu Ala Gly Phe ne 
Thr Leu He Val 80 85 90 aaa act gtg ccgcgt cat cat cct aag act ccg ccg ccg gat aat tat 397 Lys Thr 
Val Pro Aig ffis ffis Pro-Lys-Thr-Pro-Pro Pro Asp Asn Tyr 95 100 105 act-ata-gct-cta-cac aaa-gct- 
ctt-aag-ttc ttc aat get cag aaa tot 445 Thr lie Ala Uu ffis Lys Ala-Uu-Lys-Phe-Phe Asn Ala Gin 
Lys Serl 10 1 15 120 125ggg aaa ttg cca aag cat aat aac gtg tea tgg aga ggt aat tct ggg 493 Gly Lys 
Uu Pro Lys ffis Asn Asn Val Ser Tip Arg Gly Asn Ser Gly 130 135 140 ctt caa gat ggg aaa ggt 
gaaacaggaagcttotataaagatttggtg541 Leu Ghi Asp Gly Lys Gly Glu Thr Gly Ser Phe Tyr Lyis 
Asp Leu Val 145 150 155 gga ggt tat tat gat get ggt gat get ate aag ttc aat tto ccc atg 589 Gly Gly 
Tyr Tyr Asp Ala Gly Asp Ala He Lys Phe Asn Phe Pro Met 160 165 170gct tat get atgact a^ ttg 
age tgg agt gtt att gaa tat agt get 637 Ala Tyr Ala Met Thr Met Leu Ser Trp Ser Val He Glu Tyr Ser 
Ala 175 180 185 aaatac gaa gc^t ggt gag cte act cat gtt aag gag ctt ate aaa 685 LysTyr Glu Ala 
Ala Gly Glu Uu Thr ffis Val Lys Glu Leu He Lysl90 195 200 205 tgg gga act gattacttt etc aag act 
tto aat agt act get gat tec 733 Tip Gly Thr Asp Tyr Phe Leu Lys Thr Phe Asn Ser Thr Ala Asp Set 
210 215 220 att gat gat ctt gtg tea cag gtt gga tea ggg aat act gat gat gga 781 HeAq) Asp Leu Val 
Sct Ghi Val Gly Ser Gly Asn Thr Asp A^ Gly 225 230 23 5 aat aca gat cct aat gac cat tac tgt tgg 
atg cga cct gag gat atg 829 Asn Thr Asp Pro Asn Asp ffis Tyr Cys Tip Met Aig Pro Glu Asp Met 
240 245 250gac tat aaa aggccc gtg act act tgt aat ggt gga tgt tog gat cto 877 Asp Tyr Lys Aig Pro 
ValTTir Thr Cys Asa Gly CHy Cys Sw Asp Uu 255 260 265 gct^ &ig afegca get get ctg get tea 
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gca tct att gta ttc aag 925 AlaAla Glu Met Ala Ala Ala Leu Ala Ser Ala Ser lie Val Phe Lys270 
275 280 285 gat aac aag gaatattct aaa aag ctt gtc cat ggt get aag gtg gtg 973 Asp Asn Ly s-Glu-Tyr- . 
Ser-Lys-Lys Leu Val His Gly Ala-Lys-Val-Val 290 295 300 tat cag ttt gga agg acg agg aga ggg aga 
tat agt gca ggc act gcg 1021 Tyr Gin Phe Gly Arg Thr Arg Arg Gly Arg Tyr Ser Ala Gly Thr-Ala 
305 310 315 gaa tct age aag ttctataat tea agtatg tat tgg gat gag ttc att 1069 Glu Ser SerLysPhe 
Tyr Asn Ser Ser Met Tyr Trp Asp Glu Phe He 320 325 330 tgg ggt ggt get tgg atg tattatgct acc gga 
aat gta acg tat etc 11 17 Tip Gly Gly Ala Trp Met Tyr Tyr Ala Thr Gly Asn Val Thr Tyr Leu 335 
340 345 aat eta atcacc caa cct act atg gee aag cat get ggt gcc ttc tgg 1 1 65 Asn Leu He Thr Gk Pro 
Thr Met Ala Lys His Ala Gly Ala Phe Trp350 355 360 365ggt ggc cct tac tat ggtgtattt age tgg gac 
aac aag ctt get ggt 1213 Gly GlyPro Tyr Tyr Gly Val Phe Ser Trp Asp Asn Lys Leu Ala Gly 370 
375 380 get cag ttgctgttg age egg ttg agg ttg ttt etg agt cct gga tat 1261 Ala Gin Leu Leu Leu Ser 
Arg Leu Arg Leu Phe Leu Ser Pro Gly Tyr 385 390 395 cea tat gaa gaa att eta agg acc ttc cac aat 
cag acc age ata gtc 1309 Pro Tyr Glu Glu He Leu Arg Thr Phe His Asn Gin Thr Ser He Val 400 
405 410 atg tgc tea tacttg cct att ttc aac aaa ttt aac aga acc aat gga 1357 Met Cys Ser Tyr Leu Pro 
ne Phe Asn Lys Phe Asn Arg Thr Asn Gly 415 420 425 ggt tta ata gag ttg aat cat gga get cca cag 
ccg etg caa tat tct 1405 Gly Leu lie Glu Leu Asn His Gly Ala Pro Ghi Pro Leu Ghi Tyr Ser430 435 
440 445gta aat gca get ttc tta gcg act eta tac agt gat tat etg gat get 1453 Val Asn Ala Ala Phe Leu 
Ala Thr Leu Tyr Ser Asp Tyr Leu Asp Ala 450 455 460 get gat act cct gga tgg tac tgt gga cct aat 
ttc tat teg aca agt 1 501 Ala A^ Thr Pro Gly Trp Tyr Cys Gly Pro Asn Phe Tyr Ser Thr Ser 465 
470 475 gtg-cta-cgt-gac-ttt gct-aga-tcc-cag-att gat tat ata etg ggt aaa 1 549 Val Leu Arg Asp Phe 
Ala Arg-Ser-Ghi-Ile-Asp Tyr He Leu Gly Lys 480 485 490 aaccet egg aaa atg agt tat gtc gtt ggt ttt 
ggcacaaaatacecal597 Asn Pro Arg Lys Met Ser Tyr Val Val Gly Phe Gly Thr Lys Tyr Pro 495 
500 505 aga cat gtgcat cac aga gga get teg ata ccc aag aac aaa gtc aag 1645 Arg His Val His His 
ArgGlyAlaSerneProLysAsnLysValLys510 515 520 525tat aac tgc aaa gga gga tgg aaa tgg 
aga gac age aag aaa cca aac 1693 Tyr Asn Cys Lys Gly Gly Tip L>^ Trp Arg Asp Ser Lys Lys Pro 
Asn 530 535 540ccaaacacgattgaaggagcca^gttgct ggt cct gac aag cgc gac 1741 Pro Asn Thr 
He Glu Gly Ala Met Val Ala Gly Pro Asp Lys Arg Asp 545 55 0 5 55 ggg tac cgt gat gtc cgt atg aac 
tac aac tac act gaa ccg act ctt 1 789 Gly Tyr Arg Asp Val Arg Met Asn Tyr Asn Tyr Thr Glu Pro 
Thr Leu 560 565 570gca ggc aat gctggt eta gtc gca get ctt gtg gca tta teg ggt gaa 1837 Ala Gly Asn 
Ala Gly Leu Val Ala Ala Leu Val Ala Leu S«" Gly Glu 575 580 585 gaagaa gcc accggt aag ata gac 
aaa aac act att ttc tea get gtt 1 885 GluGlu Ala Thr Gly Lys He Asp Lys Asn Thr He Phe Sct Ala 
Val5 90 5 95 600 605 cct cct ttg ttccctact cca cca cct cea cca gca cca tgg aaa cct 1 9 3 3 Pro Pro Leu 
Phe Pro Thr Pro Pro Pro Pro Pro Ala Pro Tip Lys Pro 610 615 620 tgagaaagctagacttgtgt gattctgteg 
ctgctgecaa aaaaaatgaa tgaggtaaga 1 993 aggatttggg tgtgagacca gaagattaga agetaaacac aagtcagcca 
taaccaaact 2053 actaaggatt teatttggct ttactagata caaacacggggtgggttact ttaccacaag 2113 cattgtcttt 
cttttctttt tttgggttgc tgttttgttc ttgtgagata tcatatatat 2173 ctatgcgttt tactctgtat atgtttgata ccaaacttgt 
attctttgat aaacaattta 2233 atgaactgta ttaaactttt aact 2257 <210> 3 <21 1> 12319<212> DNA<213> 
Arabidopsis aialiana<220> <221> exon <222> (3447) (3819) <220 <221» exon <222> 
(3898) (4208) <220 <221» exon <222> .. (4282) (4746) <220 <221» exon <222> (4863) 
(4998) <220x221> exon<222> (5100)..(5272)<220x221> exon<222> (5443)..(5850)<400> 
3ctcgagaggt-tccattettc-tccgtcttat-cgatatccct-tttgaacatg-ctacaagata 60tcatgtttgg cttggtcata tcaccatggc- 
tttcttctcc.ttacatggcc-tctgttatgt 120tgttggatgg ateattcaag gtcaactttt agagcttgta agatcctaca acatcattga 
ISO atcttgacat aatagtatag cctagtttat ctactatagt atagtgtcga tcatoggttc 240 aagataggtc tatactetat 
aagtcacaat tttatcttct tattttctat tgtaaagttt 300 catcatcatc aactacttac tcctctcaga tattttcatg gaatgctatc 
ggaattgcta 360 tcttacccgg agttatcagt ctagtggegg gtttactgat gtgggtcaca tcgcttcaca 420 ccgtgagaaa 
gaattacttt gagctcttct tctacacaca tcaactatac atcgtcttta 480 ttgtgttctt ggcacttcat gttggtgatt acatgtttag 
tatagttgpt ggaggaatat 540 ttcttttcat tctagaccgc ttcttgaggt tctgecaate aagaaggact gttgatgtaa 600 
tctctgcaaa gagtttacct tgtggaactc ttgaactagt cctttcaaaa ccaccaagta 660 acaactctgt ttattctctg ttttctacet 
ctaatctaaa acatttactg acttttttct 720 tcttcaataccgcaaaaatc agatatgcga tacaatgcgc ttagctttat ctttcttcaa 
780 g^agggaac tatcttggct acaatggcat ccatttagtg tttcttcaag ccctctagat 840 gggaaccatc atgttgcggt 
tctcataaag gttcttggtg gatggactgc aaagcttaga 900 gaccagttgt caaatctata egaggcagag aaccaagatc 
agctcatttc tectcagtca 960 tatcctaaaa tcacaacttg tgtggaggga ccttatggcc atgaatctcc ataccattta 1020 
gcgtaat]^ tttcgtctac t^aaatttt ttcaatgcca taagctttag cttaactcaa .1 080 gaaagattta ttgcgggtgp 
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aggtatgaga acctggtctt agtagcagga ggaatcggga 1 140 ttacgccttt tttcgccatc ttaagcgata tcctacaccg 
taaaagagat gggaaagctt 1200 gtttacctag taaggtttta gttgtatggg ccattaaaaa ctcagacgag ctctctctgc 1260 
tctcagcaat tgacatacct tccatttgcc ctttcttctc taagaaacta aaccttgaga 1320 ttcacatata talcactcga 
caatccgagc ctcgcttggt acgtcttaaa taagtctttt 1 380 gggagctgca ataggcctta ctaagcttgt tgaactcttt 
aatgtttcat ggttatacag 1440 gaagatggga tggttcacaa ggtggtgcat ccttctgtca agctaccacg gaccaacgga 1500 
tgttctatgt cggtactagt tggtacaggg gataacatat ggtctggact ctatctaatt 1 560 atatccacca ttggatttat ttcaatgatc 
acattgttgg acatctttta cataaaaaga 1620 tacaacataa caacgtggtg gtacaaggga cttctatttg ttggttgtat 
ggttgcaagt 1680 gtcttgattt ttggaggtct tgtggttgtt ttctggcatc gct^aaca caaaaccggt 1740 gaagtggaag 
caaatggcaa cgacaaggta gatttgaatg gagaagaaac ccataatcca 1 800 tctgcagcag agcttaaggg cttggcaata 
gaagaagatg tccagaatta caccactatt 1860cgttatggca ccagaccg gc-ctttagaggt-atacactaca aaattagcgg- 
tgtcaagtcc 19i20agttatctcg tttttttatt tataaaatta-tagaaactga aatcattcgg-aacggtttga 1980cacggtttcg 
ttcggttctt gaatccgact-tttggtgtag atatttggct-cgattcggtt 2040aagttaaatc tttgattggt tcatgtaata-tttttatttt 
gtaattgcag agatatttga 2100 gtcattgaat gggaaatggg ggagtgtgga tgttggagtg atagtatgcg gtccagcgac 2160 
tcttcagacg accgtagcca aagaaatacg gtcacatagc atctggcgat cggcgaatca 2220 tcctcttttc cacttcaaca 
gccacagttt cgatctctaa cgatgctttc aaggccaaag 2280 aacattatgg aaggaaattc gaagacaaat tgatgcatat 
attttaggta atctctgtca 2340 gtatgtacta tggaaacagc tatggttgat atgtgtatgt ttatctttca gttttcgatg 2400 
tataaagtag aaatcaaatg tatgagcatc tatggtttct agttctacac ttgttggtgt 2460 ttctacattg gacatttaat attaattaaa 
tgcaagctga taagtcctat aattacatag 2520 ctgqccatat attttcggaa ttttttaaag tagagatata ttcatatata tatgagggat 
2580 tagattctat aattacgaat gtatttaatt tcaaattaaa agttagattc tcataattct 2640 ccttacttac tctgtgaggg 
attagagtcg taaaaatgac cacaagatgt aatttttttt 2700 taggtcattg atctaccatc aatttgtcgg acacacttat cttataagtt 
ttaaatttta 2760 acaaatgtaa gtgaaatttt gtggtagact atcattttca agtagaagta gaatttaagt 2820 aaccttcctt 
gttataattt ttttttaaaa attatgtcat tacttagagc ccaccagaaa 2S80 tgatgacgtg t aaaacacca taatcataaa 
ggataaaata aaattatcat cjccaccgaca 2940 gtttattagc ggagatgtct ttttccatcc acccgacatt agcccattgc 
tttactagta 3000 aacaaagtat atgcaatttt ttgttagaaa aaacggtgca taaaaaataa tattttaatg 3060 totccgacaa 
attttaattg tatgaaaaat aaatacacaa gattacaagt tggccaaaac 3120 gctcaalcat agttggccaa a aa t a t acta 
ttccaaaatt agagttagpt gtaacgtaac 3180 atgtacaaat aaaccaaaca aaacatataa taacaaaata attgaagtga 
gttttaaaaa 3240 ggaaaaaaaa aaaagagtaa aaaaccaaaa ccagatctct caaagagtct ttgtacatta 3300 ttgactagag 
agagcttttt agcttcacat ttcttcactt ccacacactt ttacttcttt 3 360 ctctcttotc ftctcttctc cagatctgat cccaaacctt 
tgattcattg ttgttgttct 3420 ctgctgcttt atcs^agagc atcatc atg tac gga aga gat cca tgg gga ggt 3473 Met 
Tyr Gly Arg Asp Pro Tip Gly Gly 1 5 cca ttg gag ata aac act gc» gat tec gcc ac^ gat gat cgt agt 
3521PiDl^uGluncAsnThrAlaAspSerAlaThrAsp Asp AspArgSer 10 15 20 25 cgg-aat-tta- 
aac-gat ttg gat cgt gcg gct-ctt-tca-cgt-cca-cta-gat 3 569 Arg Asn Leu Asn Asp Leu Asp Arg Ala- 
Ala-Leu-Ser-Aig-Pio-Leu-Asp 30 35 40 gag acg cag cag agt tgg tta ctt ggt cca acg gag cag aag aag 
aag 3617 Glu Thr Gin Gin S^Tip Leu Leu Gly Pro Thr Glu GlnLys Lys Lys45 50 55 aag tac gtc 
^ etc ggt tgtatt ate gtt age cgc aag ate ttc gtc3665 LysTyr Val Asp Leu Gly 
ArgLysIlePheVal 60 65 70tggactgttggtactcttgttgccgccgcgttactcgccggattcatt3713 Trp 
Thr Val Gly Thr Leu Val Ala Ala Ala Leu Leu Ala Gly Phe He 75 80 85 acc ttg ate gtt aaa act gtg 
ccg cgt cat cat cct aag act ccg ccg 3761 Thr Leu lie Val Lys Thr Val PrpArg His His Pro Lys Thr 
Pro Pro 90 95 100 105 ccg gat aat tat act ata get eta cac aaa get ctt aag tte ttc aat 3809 Pro Asp Asn 
Tyr Thr He Ala Leu His Lys Ala Leu Lys Phe Phe Asn 110 115120 get cag aaa t gtaagtgtag 
aatctactta^tgataaaatttagata ta 3861 Ala Ghi Lys gagttttaga tctaagtctg attttgattg ttgtag ct ggg aaa 
ttg cca aag 3914 Ser Gly Lys Leu Pro Lys 125130 cat aat aac gtg tea tgg aga ggt aat tct ggg ctt e^ 

gat ggg aaa 3962 His Asn Asn Val Ser Trp Arg Gly Asn Ser Gly Leu Ghi Asp Gly Lys 135 140 
1 45 ggt gaa aca gga age ttc tat aaa gat ttg gtg ggaggt tat tat gat 40 1 0 Gly Glu Thr Gly S er Phe Ty^ 
Lys Asp Leu Val Gly Gly TyrTyr Asp 150 155 160 gctggt gat get ate aag ttc aat ttc ecc atg get tat 
get atg act 4058 Ala Gly Asp Ala lie Lys PheAsn Phe Pro Met Ala Tyr Ala Met Thr 165 170 175 
atg ttg age tgg agt gtt att gaa tat agt get aaa tac gaaget get 4 1 06Met Leu S er Trp S er Val He Glu 
Tyr«Ser-Ala-Lys-Tyr-Glu-Ala-Ala 180 185 190 ggt-gag-ctc-act-cat gtt aag gag ctt atc-aaa-tgg-gga- 
act-gat-tac 4 1 54Gly Glu Leu Thr His Val Lys Glu Leu lie Lys Trp Gly Thr Asp Tyr 1 95 200 205 
2 1 Ottt etc aag act ttc aat agt act get gat tec att gat gat ctt gtg 4202 Phe Leu Lys Thr Phe Asn S 
Thr Ala Asp Ser He Asp Asp LeuVal 2 1 5 220 225 tea cag gtacttgttt atgaccttcg taggagatctttcatattga 
gttgtttgtt 4258SCT Ghi cactcgttac atgtttaatg tag gtt gga tea ggg aat act gat gat gga aat 43 1 1 Va^ 
Ser Gly Asn Tlr Asp Asp GlyAsn230 23 5 aca gat cct aat gac cat tac tgt tgg atg cga cct gag ^ 
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gac 4359 Thr Asp Pro Asn Asp His Tyr Cys Trp Met Arg Pro Glu Asp Met Asp 240 245 25 0 tat 
aaa agg ccc gtg act act tgt aat ggt gga tgt teg gatctc get 4407 Tyr Lys Arg Pro Val Thr Thr Cys Asn 
Gly Gly Cys Ser AspLeu Ala 255 260 265 270 gea gag atg gca get get ctg get tea gea tot att gta ttc 
aag gat 4455 Ala Glu Met Ala Ala Ala Leu Ala Ser AlaSer He Val Phe Lys Asp 275 280 285 aac 
aag gaa tat tet aaa aag ctt gtc cat ggt get aaggtg gtg tat 4503 Asn Lys Glu Tyr Ser Lys Lys Leu Val 
ffis Gly Ala Lys Val Val Tyr 290 295 300 cag ttt gga agg acg aggagaggg aga tat agt gca ggc act 
gcg gaa 455 1 Gb Phe Gly Arg Thr Arg ArgGly Arg Tyr Ser Ala Gly Thr Ala Glu 305 3 10 3 1 5 tct 
age aag ttc tat aat tea agt atg tattgg gat gag ttc att tgg 4599 Ser Ser Lys Phe Tyr Asn Ser Ser Met 
Tyr Trp Asp GluPhe lie Trp 320 325 330 ggtggt get tgg atg tat tat get acc gga aat gta acg tat etc aat 
4647 Gly Gly Ala Tip Met Tyr Tyr Ala ThrGly Asn Val Thr Tyr Leu Asn 335 340 345 350 cta- 
atc-acc-caa-ect act atg gee aag cat-gct-ggt-gcc-ttc-tgg-ggt 4695Leu lie Thr Gin Pro Thr Met Ala 
Lys-His-Ala-Gly-Ala-Phe-Trp-Gly 355 360 365 ggc cet tac tat ggt gta ttt age tgg gac aac aag ctt 
get ggt get 4743 Gly Pro Tyr Tyr Gly Val Phe Ser Trp Asp Asn Lys Leu Ala Gly Ala 370 3 75 3 80 
caggtcagtccac acataacaac ctgctgtgtt tatgtttctt agatattcat 4796Ghi(s) gtcttcttga tcatttgcct taaccatact 
actcttgact cttttgaatc ccttttgega 48 5 6 ttttag ttg ctg ttg age egg ttg agg ttg ttt ctg agt cct gga tat 4904 
Leu Leu Leu Ser Arg Leu Arg Leu Phe Leu S«r Pro Gly Tyr 385 390 395 cca tat gaa gaa att eta agg 
acc ttc cac aat cag acc age ata gtc 4952 Pro Tyr Glu Glu lie Leu Arg Thr Phe His Asn Gbi Thr Ser 
He Val 400 405 410 atgtgc tea tac ttg cct att ttc aac aaa ttt aac aga acc aat g gt 5000 Met Cys Ser 
Tyr Leu Pro ne Phe Asn Lys Phe Asn Aig Thr Asa 415 420 425 tagttacctt ccagctttaa 
tgtctgcctctaataaaact ccaactgtggggcttgttct 5060 tgtttcagat atctaaaatg aaatctttgg tatgtgcag ga ggt tta 
ata gag ttg 51 16 Gly Gly Leu He Glu Leu 430 aat cat gga get cca cag ccg ctg caa tat tct gta aat gca 
get tic 5 1 64 Asn His Gly Ala Pro Ghi Pro Leu Ghi Tyr S er Val Asn Ala Ala Phe 43 5 440 445 45 0 
tta gcg act eta tac agt gat tat ctg gat get get gat act cct gga 52 1 2 I^u Ala Thr Leu Tyr S er Aq^ 
Leu Asp Ala Ala Asp Thr Pro Gly 455 460 465 tggtac tgt gga cct aat ttc tat teg aca agt gtg eta cgt 
gac ttt 5260Tip Tyr Cys Gly Pix) Asn Phe Tyr Ser-Thr-Ser-Val-Leu-Arg-Asp-Phe 470 475 480 get- 
aga-tcc-cag-gtattgettc ttttccttta ctctttacag-aaatggtaat 5312Ala Arg Ser Ghi 485 ctcagatata 
gtaatggata agatccaaaa atgacacttt taaccaagat tgtacgaaga 5372 tctttttaaa ctccattttttattttgaca tctaaattgg 
atttaactcg gccttgctgt543 2 attttggpag att gat tat ata ctg ggt aaa aac cct egg aaa atg agt 548 1 He Asp 
Tyr He Gly Lys Asn Pro Arg Lys Met Ser 490 495 tat gtc gtt ggt ttt ggc aca aaa tac cca aga cat 
gtg cat cac aga 5529 Tyr Val Val Gly Phe Gly Thr Lys Tyr Pro Arg His Val His His Arg 500 505 
510515 ggagct teg ataccc aag aac aaa gtc aag tat aac tgc aaa gga gga 5577 Gly Ala Ser He Pro Lys 
AsnLys Val Lys Tyr Asn Cys Lys Gly Gly 520 525 530 tggaaatgg aga gac age aag aaa cca aac cca 
aac acg att gaa gga 5 625 Tip Lys Tip Arg Asp Ser Lys LysPro Asn Pro Asn Thr lie Glu Gly 535 
540 545 gccatggtt get ggt cct gac aag cgc gac ggg tac cgt gat gtc cgt 5673 Ala Met Val Ala Gly 
Pro Asp Lys Arg Asp Gly Tyr ArgAsp Val Arg 550555560 atgaac tac aac tacact gaa ccg act ctt 
gcaggcaatgctggtcta5721 Met Asn Tyr Asn Tyr Thr Ghi Pro Thr Leu Ala Gfy Asn Ala Gly Leu 
565 570 575 gtcgca get ctt gtg gca tta teg ggt gaagaagaa gee acc ggt aag 5769 Val Ala Ala Leu Val 
Ala Leu Ser Gly Glu Glu Glu AlaThr Gly Lys 580 585 590 595 ata gac aaa aac act att ttc tcagct gtt 
cct cct ttg ttc cct act 5817 lie Asp Lys Asn Thr lie Phe Ser Ala ValPro Pro Leu Phe Pro Thr 600 
605 610 cca cca cct cca cca gca cca tgg aaa cct tgagaaagct agacttgtgt5867 Pro Pro Pro Pro Pro Ala 
Pro Trp Lys Pro 615 620 gattctgtcg-ctgctgccaa aaaaaatgaa-tgaggtaaga aggatttggg-tgtgagacca 
5927gaagattaga agctaaacac aagtcagcca-taaccaaact actaaggatt-tcatttggct 5987ttacta^ta caaacacggg 
gtgggttact-ttaccacaag cattgtcttt-cttttctttt 6047tttgggttgc tgttttgttc ttgtgagata tcatatatat ctatgcgttt 
tactctgtat 6107 atgtttgata ccaaacttgt attctttgat aaacaattta atgaactgta ttaaactttt 6167 aactatgttt 
tattgtgcaa gtgtgagatc aacctggaat aacaactgta gtctactaaa 6227 atacgtgatt ctagcatgca tttactcatt 
taatggatat aaacgatgat gcagaaagaa 6287 tat^cagta aagaacggaa ttacatatgg cattctttal acatgatgaa 
gttgtattca 6347 cagagatcat ggagaaaccc aaattaaact gttatcacag tacacaggcg agatgtgttc 6407 gagaaggcgt 
catcgtcaat caaacgagct tcgatattac atgacatgac gcccaaaagg 6467 cctttgatgc aaccctcagg atcacggggt 
tttgatagat cctgtcggtg aaatgaacaa 6527 aataaaaatg cttggtgaga acgataaaca atgggactat tagattttgc 
aatgtagaag 6587 atgactagat gatattatac cctataacag ttgcgctcca tgacgctacg ttgtaagcaa 6647 ccttacttcc 
atcccaggct ttccgaagtt tcccctttct attcttcact gagaacatcc 6707 tgctaagtgc tacattacaa ttcaaacact 
aatgttacag ttttactact aatctgatat 6767 gccaccactg atcaacttca cacataatca acatcaaaga aaataacttg 
gcgacttaat 6827 ggtctttgtt tgtgtcagcg caataacaag cttcctagtt gagttttaag attggaaccg 6887 gtaaactcta 
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tttcttactg aattgtagaa cacatatcta accacagaat aatctatgga 6947 tgaatccttg agcctcccct actttcctat 
gccctctcaa accccaaaac cgattcccaa 7007 gaacaatcaa tgccctttac cagtetgtcc aatgccgtat ttcctctaaa 
gatctatctg 7067 ttctgaattt gagtgttagc aacagtgacg tggctattat gttacagcca actattatgt 7127 ctacttatca 
ttgagataca cagcatttga aggttgacag aagagtcgag aatacctttc 7187 tgaagctgct caggagtcaa gtcctgcaca 
atgatggcaa cttgtataaa ctcaaatgaa 7247 aggctgatat acaatgaaca aattataacg aaagttaaga ctttagatac 
ctttgtctgc 7307 ttaagtgatt gtaaataagt agcca^aaa catgcaatgc cctctgctat atcttcttct 7367 ctaacaagga 
cataatcttc ttccctttga gccatggttt catcatccca aagatcatct 7427 tcactaacta catcccaaga gctactatct 
tctaaaacac cagaaatcac aatcatctat 7487 acaaccaatg agcaaacagg cttaaaaaaa acattatagt cctcaccagc 
aagatgttgc 7547 ggcgctgaaa cctgggctga ctcaatcttt tcaaggaagt catcacattc aaccctggat 7607 ttgatgagat 
catataactg aaacaaggaa gaagaaagtc atgacattat tgtatcatta 7667 caaacatatg acgcatcatt ataaaatgtt 
gatgtataca cattcaccaa aattcaacgc 7727 acacttattt gataaacaaa aagttccgaa ctttaaagct tgaagcaaat 
tttcctcaca 7787attcctcttc agagagatgc atatacttac ttcatcagct tcaggatctt ctcgatcgga 7847 agaagaaact 
tctcccctgc tctcttgtga cccacttc cc-tcgccggtgc-ttttatcatc 7907ttcatcgtct tcagaactga cttcggctaa- 
gtttaataac tcgagggctc-tctggcaatc 7967attgagcaaa gcttgcaaag ttttccgctt-gacacgaata ttatccttat- 
cgattcgttt 8027tcctttgcgc tcgctattgt tatccatggt-attgggtatt acccaatcct-cagagaggat 8087acaatcgaag 
ctcttgcggc atagaatcct ttgaagaaca agatctgaga agacgacgac 8147 tgatcgatcg ttgttgtcgc gcaaattctc 
ttcctttgtt ttgttttgtt ttgtttttca 8207 cgttataaaa aaaaaatgga gttttgtttt attatgtgtg agctgtgacg tgaaactaat 
8267 tggtttttaa aacaagattt ttgacatttg gttgttcttt cttctacgaa ttgctatgct 8327 attaaaaaaa gcttcacaaa 
actattacta tagtataatc tttttggaca gagaccataa 8387 ttgagaaagc agaagaaata ataacacttg ttttcttgtc ttatcgaata 
aattgggtcg 8447 ggctttgaga tttttatctt tttgtttcgt gggttgggtt tgttgagaga catctacatg 8507 ggtttggaac 
tttggaggct tgaggtgaat ttttggattt tttttttgaa ggaccaacta 8567 tgattatatt cattaatatt ccccaatcaa tttgatcatt 
atggattaca cgtattaagt 8627 catccttatt taattttgat catttagttt actttagatt ttcattctga attaccattt 8687 
g^ttgji^affr. ttcttaccat tcgtttc^ ttcattttga tatgaatagg ggttgaattc 8747 ttatttgtaa cactcatcca acaattttcg 
ataacaagag catttatccg aacgactatc 8807 ttgcatcctc gacttattta gaagagttat cattgatatt ttattccact cttttgcgct 
8867 ttttttacat tccagtagtt ttaatctcta aggtttaatt atatatctga tgatagtact 8927 agacttcgtt ttcataaatt 
taccttcgtg gactatgttc cccccggttg ggataatcgg 8987 aattaatcat ttttggtgct attctaattg aaacatattt agtagatact 
tgatagagtc 9047 aaflttaaaat atatacttat tattatttta tatggctgat gtcaaaaaag gaaaggaaaa 9107 tggacatcca 
aagflgaaa3»g gttgtcgaat ttagttcacg tttctttctc ctttcctgaa 9167 gtttcaaacc caaaccccca tgtaaaaaaa 
gcgagagggc actgaaaaga caagtgggta 9227 ttgaatgtgt ttatatatat agatatgtgt gtttttgcag acattgcagt 
tgtatagtct 9287 tgaaacttct ggatatatga gagagiaccag ggacatgaat ccaaacatca agacacattc 9347 agacaaagcc 
aaacagtatc ccatcaatgc ttcacgacca cgtatatgca tagttattgt 9407 ctttttttga ccacgtatct ggatagttat tgtctttttt 
tgaacttata ^^r^f^^^^^ 9467 caaattcgcg ctctctcacg gagtagtcat acttgcatct tattaacatg tttatccttt 9527 
tggltaagtc tatgacattt ttttaataaa tacatacgag taattggaaa gaaaagcaat 9587 tgtgcaaacc tgtgatatga 
cgaacgattc gtacattttt tactttttgt atttaactgt 9647 tatgggaaca aaaagtatat ggtcaatgcc gccaaaattg taaggttgat 
ggtgtagtag 9707 aggataaagt agcccgcttt cttgagaagc agtcaaatat gtggtgtgga agacaagaat 9767 agccagcttt 
cttaaacgtt ata^:taatt gctacgtatt aattatacca cactt^aag 9 827 atccaataaa gaa^^ataat tgtacaataa 
gagtattaaa atgaaaacaa tcattagaga 9887 taaatattta aatttctcca gaatatgatt gaagacactt ggaagcatat 
ttatatgagt 9947 caaatcaaat taattccgca acaagctaaa gaaaaccata aacccaaggt t tgagagaga 
10007ttacaccgtg gaaagatatg-tcaattctga tacaaaaata-aaatctaagt agataaaaaa 10067gcaaacgatt 
cttcatgatc-aaaagcaaaa aaaaaaaacc-ctagtttctt gattcatcct 10127aacacaaaac aaaaaaaaac-aaaaaaagaa 
agaaagagat-ttgtgaaaga aggattggtt 10187agtatggcgg tggagctctg gctgtagggg cccaaataac atcagagcca 
cccatgtggc 10247aactgtacat tgatacccca cacgactctc ctecacttcc cgccatctgt cctgactctt 10307caccgccacc 
agagaccggc ggagat^ cctctctttc ccctgtcccc gccgagtgtt 10367tttgctcttc ttccgccggt aaccggtgat 
aagaagggtt gttgaaactt gcggcgatga 10427cgtaaactgt tcctgccgaa ataagtggac cagcgacgaa ccctccgatg 
atttgtcctt 10487gaggtccagc gagagagacg gtgaagaagt tagaaacggg aggagacaag gaagtacgag 
10547gcggaggagg gagaaacgtt gcggagacgg agaggagatc aaactttcca tggaaagtta 10607tggtagagcc 
aagagctgcc ggtgatggct gacgtaaagt gacgttagct acagagccag 10667agccactaag gacgcagact ccgatggatt 
tacggcggoa gaaacggttg atggcttcga 10727cgacgtcgtt tcctgaagga acttcgagga tgtaaggact cataggaggg 
tcggtgtcac 10787gtgtgacgaa gacgggtggt ttaggtttgt ttttggaacc tggtggtctg ccacgtggac 
10847gtcggaccac ttcgatggag gagtcatcga cggtgggggt tacggtggag gagaggtgga 10907agtgagaggt 
aagagagtgt tgttgttgtt gttgttgctg ttgttgttga tgatgaggaa 10967gcttggaaaa catttcgtta ctcttttgct ctctgtattc 
acctttcalc tttgtttttc llQ27ttatttt^ 

1 1087atttaaaaag aaaataaaag aggaggaaga agaagaagaa gatgtagagg ttgttggtat lll47ggggtgaata 
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aagagatgat agaggagagg gacttttcgt aaatcccttt gggaaatggt 1 1207atggtgtata aagtataaaa tggaaaagta 
tttgcttatt tgtttttaat attattaaaa 1 1267gaaatggttt tgttttctat aaaaagaaaa aaagagaaat gagaggatag 
ggaagaagga 1 1327agatgagctt tgaaagcaag aaaagagagc ggcgccgcta gttgggaatt gcaagtgaag 
1 1387aaaacaaaat acgtgtcttt ttgttgtggg ttcacactct cttctttttt ttttttaata 1 1447aagtttttgg gttcaaacta 
tattataata tagtatttga tcaaaacttc gtctattaca 1 1507aaaatataat actttatgaa agttttttta gaatacagta tcaacgacat 
aaaatttaaa 1 1567tttttttttt tttttaaagt gacttgctat atagtcattg gatatgtaga atttattcta 1 1627aaaoctgatt 
tgattagtga tgcagagaga aaaaaaagat agggaggaga caagtgggga 1 1687atggatgatg agagagggag agggacatcc 
cccatttccc aaatctggag tgtgctatga 1 1747atcaattcgg tctctttcac atctctcttg ttggcctcat tttcactctt ttaagtttta 
1 1 807tcttcttctc cttcatcatt attaacttat ccatgttact atttggttaa cactatacaa 1 1 867ttcatctacc aactgtccgt 
caacgctatt cgttttcaat atcatttttt tctcttggga 1 1927actattttta aaaatttgaa tatcttccca cgaaaaacat atcatttgtg 
gtaaggtttg 1 1987ttgtaatgca tgcaggactg aatgtatgat acatataaat ttgaataaat ttgatagtat 12047 agttataaac 
ttaacgaaat ctaatttgcg gtttaggttt aaaataacat aaaattacg 1 12107atgatttttt ctttcttttt-tggtcaacaa-ac a a a a tta a - 
actaatatct atttcatgaa 12167tattcctttc tacatcacgt agtggatacg-taactaggat tccataatat-atgtgatatg 
12227tccatgcttt attgaagatg tgcagagaat aacaaaaatg gtcgacaaga gagaagaagt 12287tatgcacgta 
gccatgtttc-catggctagc ta 12319 <210> 4 <21 1> 28<212> DNA <213> Arabidopsis thaliana<220> 
<223> Description of Artificial SequenceiArtificially Synthesized Primer Sequence <400> 4 
tcaaatagat atatgtaata tgtttcgc 28 <210> 5 <21 1> 28<212> DNA <213> Arabidopsis thaliana<220> 
<223> DesCTiption of Artificial SequenceiArtificially Synthesized Primer Sequence <400> 5 
raatn^at?^?t ttatacaaaa ctttcaag 28 <210> 6 <21 1> 25<212> DNA <213> Arabidopsis thaliana<220> 
<223> Description of Artificial SequenceiArtificially Syntiiesized Primer Sequence <400> 6 
tacttaataa agtaggataa tgtcg 25 <210> 7 <21 1> 25<212> DNA <213> Arabidopsis thaliana<220 
<223> Desaiption of Artificial Sequence: Artificially Syntiiesized Primer Sequence <40O 7 
^^r^fpaf tcatgtgtta cactg 25 <210> 8 <21 1> 28<212> DNA <213> Arabidopsis tiialiana<220> 
<223> Description of Artificial SequenceiArtificially Synthesized Primer Sequence <400> 8 
gcttataaat gggtataaac ctatcagc 28 <210> 9 <21 1> 28<212> DNA <213> Arabidopsis 
tiialiana<220> <223> Description of Artificial SequenceiArtificially Synthesized Primer Sequence 
<400>9tgcttaattctccggtaacattaccggc28 
[Translation done.] 
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